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ABSTRACT 
In 1987, Vermeij proposed the hypothesis of escalation, which states that 
~iological hazards, such as predation, have increased through the Phanerozoic. 
This hypothesis has been extremely controversial due to the fact that it 
assumes that biotic factors, such as predation, have had an important role in 
evolution. Several studies have focused on the validity of the hypothesis of 
escalation. Kelley and Hansen (1996) offered a modified exposition of the 
escalation hypothesis. The Kelley-Hansen hypothesis states that escalation 
cycles are punctuated by periods of mass extinction. The periods of mass 
extinction would pr_eferentially eliminate the highly escalated prey and, therefore, 
a new cycle would be initiated. 
In this study the Kelley-Hansen hypothesis was tested at the Eocene-
Oligocene extinction boundary in central Mississippi. The levels of escalation of 
specimens from the Moodys Branch Formation, which lies below the extinction 
boundary, and the Red Bluff Formation, which lies above the extinction 
boundary, were compared. The comparison was conducted with several 
statistical analyses including chi-squared tests and Mann-Whitney U tests. 
These tests indicated that the Red Bluff Formation did not exhibit higher 
levels of escalation. In fact, they indicated that the fauna of the Moodys Branch 
Formation was more highly escalated. These results from the Eocene-
1 
2 
Oligocene did not support the Kelley-Hansen hypothesis. However, previous 
studies from the Cretaceous-Tertiary boundary found support for this 
hypothesis. On the basis of these different results, it can be concluded that the 
extinctions at the Eocene-Oligocene and the Cretaceous-Tertiary boundaries 
had fundamentally different effects on the mollusk faunas. 
INTRODUCTION 
The controversial hypothesis of escalation was proposed by Vermeij in 
1987. This hypothesis states that biological hazards, such as predation, have 
increased through the Phanerozoic. Adaptational responses to these hazards 
have also increased though time, according to the escalation hypothesis. 
Vermeij {1987, p. 4) proposed that, "Modern organisms may be no better 
adapted to their biological surroundings than ancient ones were to theirs, but 
the biological surroundings have themselves become more rigorous within a 
given habitat." 
Vermeij {1987) suggested that if, in fact, predators are an important 
factor in natural selection, the adaptational responses to predators should 
increase within specified habitats over time. Vermeij {1987, p. 359-360) gave 
the following list of general trends recognized in the fossil record that support 
the hypothesis of escalation: 
(1) an increasing metabolic rate in suspension-feeding animals, 
echinoderms, and vertebrates; {2) an increase in the 
representation and power of shell-breaking predators in the sea; 
(3) an increase in the per-capita rate of sediment reworking and in 
the depth of burial of infauna! animals; (4) an increase in the depth 
of penetration into rock by excavating grazing animals and by 
endolithic species; (5) an increase in the dental specialization of 
herbivorous vertebrates on land; (6) an increase in the incidence 
and expression of armor in gastropods, cephalopods, pelecypods, 
barnacles, epifaunal echiniods, encrusting calcareous algae, and 
stemmed Paleozoic echinoderms; (7) an increase in the incidence 
3 
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of repaired breakage-related shell damage in gastropods; (8) an 
increase in the role of drilling predators as agents of mortality in 
gastropods, pelecypods, and barnacles; {9) an increased 
emphasis on locomotion in mobile animals, including gastropods, 
cephalopods, pel~cypods, echinoderms, fishes, and land 
vertebrates; and ( 1 O) the ecological restriction of formerly shallow-
water marine groups to environments in deep, cold, waters. · 
Some of these trends represent changes that are seen among predators, and 
others are changes seen among prey. An increase in shell-breaking or shell-
drilling predators represents adaptations seen in predatory species. On the 
other hand, an increase in the expression of armor or an increased emphasis 
on locomotion involves adaptations seen in prey species. 
The role of biological factors in evolution has sparked much of the 
interest in the hypothesis of escalation. This hypothesis assumes that biotic 
factors, such as predation, have had an important role in evolution. Many 
scientists remain skeptical of the importance of biological factors in the history 
of life. Physical factors, such as those causing mass extinction, are accepted to 
have a direct effect on evolution. Due to the controversial nature of escalation, 
several studies have focused on the validity of the hypothesis of escalation. 
Other works have also indirectly supported the hypothesis of escalation. 
Bambach {1993) found that there had been an increase in biomass of 
marine consumers during the Phanerozoic. This increase was indicated 
through an increase of overall size and fleshiness of dominant organisms. The 
increase in biomass was determined by comparative anatomy of the dominant 
organisms. He also found that, as dominant organisms replaced one another 
5 
through time, metabolic activity increased as well. This increase in metabolic 
activity corresponded to an increase in basal metabolism and an increase in 
more energetic modes of life. 
An increase in metabolic rates suggests that there was an increase in 
hazards in the form of predation. High metabolic rates are needed in order to 
sustain behavioral characteristics, such as an increase in mobility, that help 
defend against predators effectively (Vermeij, 1987). Therefore, the increase 
of biomass and metabolic rates of marine consumers during the Phanerozoic 
would support the hypothesis of escalation. 
Kelley and Hansen (Kelley and Hansen, 1993, 1996 and Hansen and 
Kelley, 1995) have been testing the validity of Vermeij's hypothesis of escalation 
within the naticid gastropod predator-prey system. The naticid gastropod 
predator-prey system is an ideal system in which to test the hypothesis of 
escalation. Naticid gastropods are shallow infauna! inhabitants that feed on the 
soft tissue of bivalves and other gastropods (Kelley, 1991 a). In order to feed 
upon their prey, naticids wrap them in their large mesopodium. Once the prey 
is placed in a preferred drilling position, the naticid drills a hole through the 
victim's shell by means of its radula and chemical secretions. The predator 
then inserts its proboscis and ingests the soft tissue of the prey (Carriker, 
1981 ). 
The drill holes left by the predation of naticid gastropods are 
characterized by their truncated parabolic shape and thus are easily recognized 
6 
(Carriker and Yochelson, 1968). The preservable drill hole that is left in the 
victim's shell makes this predator-prey system easy to identify in the fossil 
record. As a result, the history of the naticid predator-prey system can be 
studied from fossil assemblages preyed upon by naticids. Naticid gastropods 
have been well represented in the fossil record since the Cretaceous (Sohl, 
1969); therefore this predator-prey system can be studied over a large time 
span. 
The hypothesis of escalation suggests that naticid predation should 
increase through time. In addition, the prey should respond with antipredatory 
adaptations, such as increase in shell armor, offensive weaponry, increased 
locomotion and toxicity (Vermeij, 1994). 
An increase in the overall size of the prey would aid in defending against 
predators. As mentioned earlier, the naticids envelop their prey in their large 
mesopodium in order to manipulate them. However, with an increase in prey 
size, the predators would have difficulty doing so. Kelley (1984) found evidence 
for this antipredatory adaptation in the fauna of the Chesapeake Group of 
Maryland. Two bivalve genera, Dal/area (previously Anadara) and Astarte, 
showed an increase in overall size. Predation intensities and these evolutionary 
rates were highly correlated. 
A cost-benefit model (Kitchell et al., 1981) was designed to help 
determine if prey selected by naticid gastropods were predictable. Cost-benefit 
is represented by the energy expended by drilling in relation to the amount of 
7 
nutrients gained. Drilling time is dependent on the thickness of the shell and 
therefore corresponds to how much energy must be used to drill through it. 
The benefit gained is the amount of energy obtained from the prey's biomass. 
The biomass is represented by internal volume of the shells. The nutrients 
gained provide energy for the predator to carry out bodily functions (Kitchell et 
al., 1981). Therefore, the variables of thickness, internal volume and the ratio 
of thickness/internal volume highly affect predation effectiveness within the 
naticid gastropod predator-prey· system. 
Another way in which a prey species might respond to naticid predation 
is to increase shell thickness. Such an increase would inhibit shell-boring 
predators. Kelley (1989, 1991b) also found this type of antipredatory adaptation 
in five genera of Miocene bivalves from the Chesapeake Group of Maryland. 
This increase occurred over a three-million-year interval. Kelley (1989) found 
that four of the species studied, which had the largest predation intensities, 
showed the largest increase in shell thickness during the Miocene. The 
predation rate of these species decreased as the shell thickness increased 
through the Miocene. 
Kelley et al. (1995) examined the antipredatory adaptations of thickness, 
internal volume, and thickness/internal volume ratio through time. The species 
Glycymeris idonea showed a significant increase in thickness over time and a 
significant decrease in internal volume over time. Hilgardia multilineata showed 
a significant decrease in internal volume over time and a significant increase in 
8 
thickness and cost-benefit ratio over time. This result supports Vermeij's 
hypothesis of escalation within the naticid gastropod predator-prey system. 
Kelley et al. {1995) did examine these traits within lineages of other species, but 
concluded other antipredatory adaptations, such as increased mobility, besides 
those that were studied had evolved. 
· Vermeij {1987) suggested drilling frequencies were low in the Cretaceous 
and progressed to modern levels by the Eocene. This suggestion was based 
on data that been collected from only a few assemblages. This increase in 
drilling frequencies might indicate a gradual increase in the levels of escalation 
over time. However, if prey show a period of initial adaptation to the increase in 
predation, the drilling frequency on these prey may level off after a period of 
time. Kelley and Hansen {1993) did not find support for either pattern of drilling 
frequency. 
Kelley and Hansen {1993) extended the study of escalation within the 
naticid gastropod predator-prey system by examining temporal trends in overall 
drilling patterns. Using a sample of 44,000 specimens from the Gulf and 
Atlantic Coastal Plains, they examined drilling frequencies from the Cretaceous 
through the Oligocene. Kelley and Hansen found a moderate level of naticid 
predation in the Cretaceous with a decline in the drilling frequency across the 
Cretaceous-Tertiary boundary. A significant increase of the drilling frequency 
occurred in the Paleocene, with another decline occurring in the late Eocene. A 
9 
recovery of the drilling frequency was seen in the Oligocene, but not as large as 
that found in the Paleocene. 
The findings of Kelley and Hansen as discussed above represent a more 
episodic pattern in the levels of escalation, instead of a gradual increase or a 
rapid increase followed by stabilization of drilling frequencies. Vermeij (1987) 
also indicated that escalation might occur episodically, with environmental 
deterioration or mass extinction interrupting the progression of escalation, and 
warming trends and increases in primary productivity allowing escalation to 
progress. 
Through their extensive studies in the Coastal Plain Cretaceous and 
Paleogene, Kelley and Hansen have found significant support for the hypothesis 
of escalation. However, the pattern of escalation was more complex than 
initially expected. Kelley and Hansen thus proposed a more detailed hypothesis 
of escalation in the naticid gastropod predator-prey system involving the effects 
of mass extinction. The Kelley-Hansen (Kelley and Hansen, 1996, p. 382) 
hypothesis states that 
( 1) Over the long term, there has been an overall trend of 
increasing prey effectiveness. However, superimposed on this 
trend is a more complex pattern of escalation cycles, punctuated 
by mass extinctions and involving recovery of the fauna from the 
extinctions. (2) Mass extinctions cause significant perturbation to 
the system and initiate the cycles. Predator behavioral stereotypy 
(for instance, with respect to selectivity of drillhole site) is reduced 
immediately after mass extinction events, followed by eventual 
. recovery. (3) After mass extinctions, naticid drilling frequencies 
rise rapidly in the recovery fauna, perhaps because, as suggested 
by Vermeij (1987), highly escalated prey have been eliminated 
from the fauna. (4) The rapid rise in drilling is followed by 
10 
stabilization or decline in drilling frequencies, as the prey escalate 
defenses. (5) The next mass extinction interrupts this trend by 
eliminating highly escalated prey and causing drilling frequencies 
to rise rapidly again. This change in the ecosystem initiates a new 
escalation cycle. 
As noted in the Kelley-Hansen hypothesis, Vermeij (1987) suggested that 
more specialized taxa would be eliminated during mass extinction. This is 
possibly because specialized species require more energy to survive. Highly 
escalated species would be more specialized due to the development of 
antipredatory adaptations. Therefore, highly escalated species would not 
survive a mass extinction due to the large amount of energy required to 
maintain antipredatory adaptation. 
The idea that highly escalated species require more energy to survive 
was supported by Baumiller (1993). Baumiller studied the taxonomic rates 
("taxonomic rate" refers to the rate at which specific taxa give rise to new taxa 
or the rate at which taxa become extinct) of the Paleozoic Crinoidea and how 
morphological and inferred ecological differences might affect these rates. 
Baumiller found that crinoids that inhabited higher energy environments had 
shorter stratigraphic durations than those that occupied low energy 
environments. The crinoids inhabiting the higher energy environments were 
also more specialized (highly escalated) than those in the low energy 
environments. Therefore, the more specialized crinoids required a larger 
amount of energy to survive than did the less specialized crinoids. 
11 
The work of Vermeij and Baumiller supported the idea that highly 
escalated species are more likely to be affected during a mass extinction. The 
Kelley-Hansen hypothesis (Kelley and Hansen, 1996) is based on this idea, and 
states that more highly escalated species should be found below an extinction 
boundary than immediately after. 
The original Kelley-Hansen hypothesis (Kelley and Hansen, 1996) was 
based on generalization from a large amount of data that was collected for the 
Cretaceous and the Paleogene. Therefore, a detailed study of the level of 
escalation of species below and above a specific extinction boundary is needed 
to test their hypothesis. 
METHODS 
Testing The. Kelley-Hansen Hypothesis: An Overview 
The Kelley-Hansen hypothesis that escalation in the naticid gastropod 
predator-prey system is marked by cycles that are initiated by mass extinction. 
If the Kelley-Hansen hypothesis holds true, species below the extinction 
boundary should show a higher level of escalation than those above the 
boundary. Thus this investigation examines the level of escalation of species 
located above and below the Eocene-Oligocene extinction boundary. 
In order to evaluate the proposed differences in escalation levels before 
and after the mass extinction, samples were collected directly below and above 
the Eocene-Oligocene extinction boundary. At each site, stratigraphic sections 
were described and measured. Bulk samples were taken. The bulk samples 
were then washed and sieved. 
The bivalve and gastropod specimens were picked from bulk samples 
identified and counted to determine relative abundance. The level of escalation 
of individual species was determined by examination of antipredatory 
adaptations, such as shell thickness, shell armoring, and aperture size. The 
Kelley-Hansen hypothesis would be supported if levels of escalation below the 
mass extinction boundary are greater than those above the boundary. 
12 
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Eocene-Oligocene Extinction Boundary 
The Eocene-Oligocene boundary located in central Mississippi 
provides an ideal framework in which to test the Kelley-Hansen hypothesis. 
The outcrops of the formations that lie below and above the extinction boundary 
are well exposed and contain well preserved fossils. 
The boundary which marks the change between the Eocene and 
Oligocene is dated at approximately 37 million years ago (Stanley, 1987). At 
the boundary of these two epochs, a mass extinction occurred at the species 
and genus level. ·Groups affected that occupied warm regions include marine 
invertebrates, marine plankton, and terrestrial mammals (Stanley, 1987). 
Across the Eocene-Oligocene extinction boundary there is a very 
prominent change in the composition of the benthic invertebrate fauna. Very 
few Eocene molluscan species cross this boundary and continue into the 
Oligocene Epoch (MacNeil and Dockery, 1984). This fact does indicate that 
some physical factor affected the environment inhabited by these bottom 
dwellers. Hansen (1984) suggested that episodes of climatic cooling are 
· responsible for the extinctions during this time. 
The Eocene-Oligocene contact in the northern Gulf Coastal Plain, which 
is a disconformable contact, coincides with the last occurrence of the planktonic 
foraminiferan Globorotalia cerroazulensis (MacNeil and Dockery, 1984). This 
boundary is located at the contact between the Shubuta Clay Member of the 
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Yazoo Formation of the Jackson Group and the Red Bluff Formation of the 
Vicksburg Group (MacNeil and Dockery 1984) (Figure 1.). 
Field Sites 
The Yazoo Formation is exposed in central Mississippi (Figure 2). One 
excellent outcrop of the Yazoo Formation is located in the Miss Lite Clay Pit at 
Cynthia in Hinds County (Figure 3). The Miss Lite clay pit (Mississippi 
Geological Survey (MGS) Locality 15) is located at SE 1/4 SW 1/4 Sect. 25, 
T. 7 N., R. 1 W. 
The Yazoo Clay underlying the Eocene-Oligocene boundary is a light 
blue to gray blocky clay. These clays were deposited in a low energy marine 
environment. The up.per portion of the Yazoo Clay which is adjacent to the 
boundary contains molluscan shells and shell hash (Dockery et al., 1991 ). 
Some fossils have been found in the Miss Lite Clay Pit. However, fossils are 
not found in the Yazoo Clay Member of the Shubuta Formation directly below 
the extinction boundary along the Chickasawhay River. 
In Clarke and Wayne counties the Red Bluff Formation is well exposed 
along the banks of the Chickasawhay River (Figure 4). Figure 5 shows this 
area of exposure in greater detail. Specimens of the Red Bluff Formation were 
collected is located along the east bank of the Chickasawhay River southwest 
of Hiwannee, Mississippi (MGS Locality 38). The exact map location is the NE 
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Figure 2. Map showing the locality of the Miss Lite Clay Pit in Cynthia (MGS 
Locality 15), Mississippi. 
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Figure 4. Map showing location of Wayne and Clarke Counties in which the 
Red Bluff Formation is exposed. MGS Locality 38, where samples 
of the Red Bluff Formation were taken, is located in north-central 
Wayne County. 
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Figure 5. Map showing area of exposure of the Red Bluff Formation along the 
Chickasawhay River in Wayne County. The sampling site, MGS 
Locality 38, is also indicated on this map. Modified after Geological 
Survey (1964) Shubuta Quadrangle. One inch on the map is equal 
to 2000 feet. 
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1/4 SE 1/4 NE 1/4 Sect. 28, T. 10 N., A. 7 W., Wayne County, Mississippi 
(Figure 5) . MGS Locality 38 is shown in Figure 6. 
Three feet (.91 meters) of the Red Bluff Formation are present along the 
river banks. Below the Red Bluff Formation are the gray-green clays of the 
Yazoo Formation. Figure 7 shows the contact of these two formations. A small 
amount of slump material was scraped away, in order to expose this contact. 
The lithology of the Red Bluff Formation is an extremely fossiliferous 
glauconitic gray-green silty clay. Approximately 4.58 feet (1.40 meters) of the 
Yazoo are exposed below the contact. The Yazoo Formation consists of 
nonfossiliferous clay. Additional strata of the Red Bluff Formation are present in 
the bluffs located just a few feet from the river banks. The silty clay present in 
the bluffs has a red color, due to the heavy oxidation of iron present. However, 
these sediments contained no fossils and could not be used in this study . 
.The base of this formation was deposited in shallow marine shelf, 
prodelta, and marginal delta bay environments and is characterized by a highly 
fossiliferous dark gray silty clay in the lower part to the formation (Dockery, 
1982). Dockery (1982) suggested that the basal zone of the Red Bluff 
Formation, marked by the coral genus Balanophyllia and scaphopod genus 
Dentalium, represents fossil assemblages that were transported into the area 
from adjacent environments during a time of high current energy. On the other 
hand, Dockery suggested the upper portion of the fossiliferous zone in the Red 
Bluff Formation, dominated by the bivalve Corbula, is a biocoenosis, due to the 
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Figure 6. Exposure of the Red Bluff Formation at MGS Locality 38. The 
sampling site is located to the left of the tree stump in the water. 
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Figure 7. Contact between the Yazoo Clay (Eocene) and the Red Bluff 
Formation (Oligocene). The tip of the hammer is placed along the 
base of the Red Bluff Formation. 
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fact that many specimens have articulated valves. In a biocoenosis, the fossils 
are preserved in the same area in which they lived. Because a small degree of 
transportation occurred, fossils show a small amount of breakage or abrasion. 
In my initial thesis proposal, I planned to examine the level of escalation 
of species directly below and above the Eocene-Oligocene boundary, in the 
Yazoo and the Red Bluff Formations, respectively. In the summer of 1994, I 
began to collect specimens from the Yazoo Formation at the Miss Lite Clay Pit 
at Cynthia, Mississippi. However, due to extremely wet conditions during the 
spring and summer of 1994 in this area, recovery of the few specimens found in 
the Miss Lite clay pit was almost impossible. In order to test the Kelley-Hansen 
hypothesis, I knew it would be necessary to measure specimens from the 
Yazoo Formation for statistical analysis. Therefore, measurable specimens 
would have to be collected from an age equivalent formation. 
I chose to study the Moodys Branch Formation because it is only slightly 
older than the Yazoo Formation, and therefore specimens should show a level 
of escalation comparable to those of the Yazoo Formation. The Moodys 
Branch Formation directly underlying the Yazoo Formation is the lowest 
formation in the Jackson Group (Figure 1 ). The Moodys Branch Formation is 
composed of highly fossiliferous, glauconitic sands and calcareous clays, which 
grade upwards into the Yazoo Formation . . The sediments "were formed as a 
destructional shelf facies by reworking of the upper surface of upper Claiborne 
delta systems" (Dockery, 1977, p. 13). Fossil assemblages indicate this 
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reworking was occurring in a shallow-water, open marine environment (Dockery, 
1977). 
The depositional environment of the Moodys Branch Formation is 
comparable to that of the Red Bluff Formation. In fact, the Moodys Branch 
Formation could be considered a better selection than the Yazoo Formation, 
due to the similarities in depositional environments. A difference in 
environmental conditions may alter the comparability level of the escalation of 
the species present. Escalation is based on biological factors; some 
environments may have different types of predation and therefore might show 
different degrees of escalation. Therefore a comparison of species from 
comparable ecological settings is appropriate. 
I collected specimens from the Moodys Branch Formation at MGS 
Locality 2. This locality is in Riverside Park, Jackson, Hinds County, 
Mississippi (Figure 8) . The exact location is NE 1/4 NW 1/4 NW 1/4 Sect. 36, 
T. 6 N., R. 1 E. The formation is exposed along the valley wall of the Pearl 
River flood plain. On the east side of the wall, a small ravine allows access to 
strata lower in the section. A ledge is present on the west side of the wall, 
which allows access to the sediments higher in the stratigraphic column. 
The exposed surface of the valley wall was wet and covered with moss 
and lichens in many areas. A slight scraping of the surface allowed for 
exposure of fresh sediments. At the base of the ravine on the east side of the 











Figure 8. Sampling site of the Moodys Branch Formation (MGS Locality 2). 
26 
silty sand (Figure 9). At three feet (0.91 meters) above the base of the ravine . 
the sediments are a light brown to buff fossiliferous silty sand (Figure 1 O). The 
silty sand continues up approximately 10.33 feet (3.15 meters) to the top of the 
wall. · There is a notable decrease in fossil abundance across the contact 
between these two lithologies. 
The same buff-colored silty sand is present throughout the west side of 
the valley wall (Figure 11 ). The small folded shovel is placed along the base of 
the ledge. This side of the wall measures approximately 17. 75 feet (5.41 
meters) in height. 
The abundance of fossils decreases upward in the section on the west 
side of the valley wall. An ichnofossil (trace fossil) was also found. The vertical 
burrow was found three feet (0.91 meters) above the base of the ledge. 
Vertical burrows typically represent escape routes of organisms, or burrows 
which they inhabited. 
Sample Collection and Processing 
Bulk samples were taken at all sites. The samples from the Red Bluff 
Formation were taken during the summer of 1994, and the samples from the 
Moodys Branch Formation were taken in March of 1995. Sample locations 
were identified and marked on quadrangles and sample bags. Depending of 
the number of fossils present, one or two gallon bags were filled and then 
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Figure 9. MGS locality 2: Base of ravine on the east valley wall. The tip of 
the shovel is placed in the area that Moodys Branch Formation 
sample 1-0 was taken. The shovel is 3 feet and 2 inches long 
{96.52 cm). 
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Figure 10. The silty sand unit of the east wall at MGS locality 2. The contact 
between the glauconitic sand and the silty sand is at the bottom of 
the photograph. Moodys Branch Formation sample 1-3 was taken 
just above the contact of the two lithologies. The leaf on the far left 
side of the photograph is 5.4 inches (13.72 cm) long. 
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Figure 11. Overview of the west wall of the MGS locality 2. The folded shovel 
is placed along the base of the ledge. The folded shovel is 1.36 
feet (41.45 cm) long. 
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labeled to indicate sample site and location. Using a small shovel, one gallon 
bags were filled with the fossiliferous sediments. 
A sample interval of. one foot (0.30 meters) was chosen for samples 
taken near the extinction boundary. A one foot interval was chosen based on 
two factors, age of sediments and time averaging of assemblages. The first 
factor deals with the response of species to changes that occur after mass 
extinctions. After mass extinctiohs, species show an initial reaction to the 
changes that have occurred. It was. important to document these reactions 
above the Eocene-Oligocene boundary. Therefore a small sampling interval 
was needed in order to record these changes. 
' · 
In time-averaged assemblages, individuals may not be preserved solely 
with organisms that lived concurrently. During the preservation process, 
individuals have varying burial rates. Also individuals may be buried and then 
excavated and reburied. As a result, fossil assemblages found from moderate 
energy environments may represent a span of time instead of one specific time. 
In shallow-marine environments, like those examined in this study, currents can 
cause such time averaged processes to occur. Thus samples taken too closely 
together in time-averaged assemblages will be partly contemporaneous rather 
than successive (Raup and Stanley, 1978). 
A sample interval of one foot for samples taken near the extinction 
boundary would take into account both factors. This sample interval would 
allow the changes seen after the extinction. period to be recorded. Additionally, •· 
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it would minimize the temporal overlap that might result from the time-averaging 
process. 
In the Red Bluff Formation, MGS Locality 38, a total of three bulk 
samples were taken. The first sample was taken immediately above the 
Eocene-Oligocene boundary. This sample is referred to as Red Bluff 38-0. A 
second sample was taken one foot (0.30 meters) above the boundary (Red 
Bluff 38-1), and a third sample two feet (0.61 meters) above the boundary (Red 
Bluff 38-2). Due to the high abundance of fossils present in the Red Bluff 
Formation sediments, one gallon bag was collected for each horizon. 
In the Moodys Branch Formation, a sample interval of three feet (0.91 
meters) was chosen. The Moodys Branch Formation is not located immediately 
below the extinction boundary; therefore a smaller interval was not necessary to 
examine the effects of the mass extinction at the boundary. The fossil 
assemblages of the formation are also from shallow marine environments, and 
time averaging should be considered. This sample interval would minimize the 
t_emporal overlap that can occur if samples are taken too closely in time-
averaged assemblages. 
Samples were taken along both the east and west sides of the valley 
wall (MGS Locality 2) where the Moodys Branch Formation is exposed. In this 
study the east side of the valley wall will be referred to as Site 1 and the west 
side will be referred to as Site 2. The first sample taken at Site 1 was located 
at the base of the ravine as shown in Figure 9. This sample will be referred to 
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as Moodys Branch 1-0. A second and third sample were taken three and six 
feet (0.91 and 1.83 meters) above the base of the ravine (Moodys Branch 1-3 
and 1-6 respectively). Sample 1-3 was taken just above the change in lithology 
from the glauconitic sand to the silty sand. 
At sample location 1-0 one gallon bag was collected. The bulk samples 
taken at location 1-3 and 1-6 consisted of two one-gallon bags, because of the 
decrease in fossil abundance in this portion of the section. 
Three samples were also taken at site two of the Moodys Branch 
Formation, Locality MGS 2. The first sample was taken along the base of the 
ledge. This will be called sample 2-0. Sample 2-0 and sample 1-6 are located 
at approximately the same stratigraphic level in the valley wall. The second 
and third samples were taken three and six feet (0.91 and 1.83 meters) above 
the base of the ledge (Moodys Branch 2-3 and 2-6 respectively). These are 
referred to as samples 2-3 and 2-6. Bulk samples taken at all three locations 
consisted of two one-gallon bags. 
The bulk samples were processed at the University of North Dakota, 
Grand Forks. The samples were cleaned using a wet sieve method. During 
this process, sediments were placed in a U.S. Standard #20 sieve and were 
washed with warm water. The extracted materials were then allowed to air dry. 
The extracted materials (whole fossils and fragments) were then placed in a 
new gallon bag marked with formation, site, and sample number. 
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For many of the samples taken, an extremely large number of whole and 
partial fossils were recovered. Therefore, small representative subsamples of 
the samples taken were sufficient to examine the level of escalation. On the 
basis of previous experience in sampling these formations, Hansen (Personal 
communication, 1995) suggested that 400 individuals would give a 
representative subsample of the samples taken; also see Bennington and 
Rutherford (1996). 
A nonselective procedure was needed in order to insure that the 
subsample was randomly collected. To obtain a random sample, a 2" x 3" x 1 • 
box was filled with both whole specimens and fragments. Out of this box, all 
individuals were picked. Specimens that possessed an apex (gastropods) or a 
beak (bivalves) were used in identifying the 400 individuals. Each gastropod 
specimen, represented by one apex, was considered one individual. However, 
each beak of a bivalve that was found was counted as half an individual. 
The process of filling the box, and then picking individuals, continued 
until approximately 400 individuals were obtained. If the 400 count was 
reached before a partially filled box was completely picked, the remaining 
portion of the box was still picked for individuals. This practice was necessary 
to eliminate any possible bias of the subsample. During the process of picking 
individuals, the smaller specimens tended to be picked last. Therefore, 
completely picking all boxes insured that the subsamples taken would 
accurately represent all taxa, regardless of size, that were present in the 
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original sample. Table 1 shows the number of individuals picked from each 
sample. 
After individuals were picked from each of the nine samples that were 
taken, the different species present in each subsample were separated and 
identified. For the identification of the gastropod and bivalve species found in 
the Red Bluff Formation, two sources were used. Bulletin 124 (MacNeil and 
Dockery, 1984) and Bulletin 123 (Dockery, 1982) of the Mississippi Department 
of Natural Resources were used respectively. Gastropods and bivalves from 
the Moodys Branch Formation were identified using Bulletin 120 of the 
Mississippi Geological, Economic and Topographical Survey (Dockery, 1977) . 
After the identification of all species was completed, a table was 
compiled for each subsample that included the species, number of specimens 
of each species, and the relative abundance of each species. The list for each 
subsample can be found in Appendix I - Appendix IX. A list of cumulative data 
for each formation was also compiled and can also be found in these 
appendices. 
The dominance of articulated Corbula rufaripa in the Red Bluff 
subsamples indicate that biocoenosis assemblages are represented (Dockery, 
1982). In the Moodys Branch Formation Pitar securiformis, Spisula 
jacksonensis, and Gonimyrtea curta constitute over 50% of each subsample. In 
both formations the dominant species are commonly preyed upon by naticid 
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TABLE 1. 
Number of specimens picked from each sample 
Sample # of Gastropod # of Bivalve # of 
specimens specimens I ndividua Is 
Red Bluff 38-2 52 1241 672.5 
Red Bluff 38-1 112 939 581.5 
Red Bluff 38-0 31 758 410 
Moodys Branch 2-6 126 477 364.5 
Moodys Branch 2-3 82 741 452.5 
Moodys Branch 2-0 83 730 448 
Moodys Branch 1-6 96 714 453 
Moodys Branch 1-3 106 940 576 
Moodys Branch 1-3 99 801 499.5 
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gastropods. This is evident from the numerous complete drillholes found in the 
prey's shells. 
Data Collection 
The Kelley-Hansen hypothesis is based on the observation that drilling 
frequencies of naticid gastropods were low during the Cretaceous and 
significantly increased above the K-T boundary. As stated earlier, Kelley and 
Hansen (1996) noted that a similar increase in drilling frequencies occurred 
after the Eocene-Oligocene mass extinction. An objective of this project is to 
determine if the drilling frequencies increase in the Red Bluff Formation above 
the Eocene-Oligocene boundary. 
To verify an increase in drilling frequencies, a comparison of drilling 
frequencies of the subsamples from the Moodys Branch Formation and the 
Red Bluff Formation was conducted. Drilling frequencies for gastropods were 
calculated as the number of individuals with one or more complete naticid 
drillholes divided by the total number of individuals. For bivalves, drilling 
frequencies were calculated as two times the number of drilled valves with one 
or more complete naticid drillholes divided by the total number of shells. 
Appendix X - Appendix XVIII records the number of specimens and the number 
of drilled specimens found in each subsample. 
After drilling frequencies were calculated, evaluation of factors that 
determine the level of escalation for bivalves and gastropods was conducted. 
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The majority of the factors examined are directly related to predation by naticid 
gastropods. Other characteristics account for different types of predation 
methods, such as shell crushing or peeling. In these methods of predation the 
exoskeleton or shell ofthe prey is destroyed in order for the predator to obtain 
access to the edible parts of the prey. Shell crushers, such as crabs, grasp the 
prey in sharp strong claws and break the shell in order to reach the prey. 
However, shells can also be crushed during other methods of predation such as 
drilling. Shell peelers gradually break off the edges of gastropod apertures. 
The peeling back of the apertures better enable the predators to reach their 
prey (Vermeij, 1987). 
Table 2 lists the escalation characteristics used in my evaluations. 
Abbreviations for the characteristics are also listed . . These abbreviations will be 
used throughout the text. In order to evaluate these characteristics, ten 
individuals were randomly chosen from each species present in each 
subsample. This was necessary due to the size of each subsample. 
Measuring each individual from all nine subsamples would be an extremely 
lengthy process. For most of the characteristics (SH, H, W, ApHt, ApWd, ShTh, 
HtCos, WdC, Wdlnt, Ht, Lt, Conv, Wint) actual measurements were taken using 
digital calipers. All measurements are accurate to a tenth of a millimeter. The 
number of costae present on bivalves were counted. Other characteristics 
(costae, TA, RL, V, S, U, Gren, Gape, IN) were noted as being absent or 
present. The degree of ornamentation was defined as smooth, fine, coarse, or 
38 
Table 2. 
Characteristics used in evaluating the level of escalation 
Gastropod characteristics Bivalve characteristics 
Spire height (SH) Height of shell (Ht) 
Height of shell (H) Length of shell (Lt) 
Width of shell (W) Convexity of shell (Conv) 
Aperture height (ApHt) Shell thickness (ShTh) 
Aperture width (ApWd) Number of costae (NoCo) 
Shell thickness (ShTh) Height of costae (HtCos) 
Height of costae (HtCos) Width of costae (WdC) 
Width of costae (WdC) lnterspace between costae (Wint) 
lnterspace between costae (Wdlnt) Presence of costae 
Teeth in aperture (TA) Crenulated shell (Cren) 
Reinforced lip (RL) Gape (Gape) 
Varices (V) lnequivalve (In) 
Spines (S) Degree of ornamentation 
Umbilicus (U) 
Degree of ornamentation 
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very coarse. The degree of ornamentation was determined by using 
representative examples for each category for both bivalves and gastropods. 
The examples used to categorize the degree of ornamentation were those used 
· by Hansen and Kelley {1995). I photocopied their examples and used them as 
a standard for comparison to identify the level of ornamentation present for the 
specimens I examined. Figure 12 shows the examples for each degree of 
ornamentation. Spreadsheets containing the measurements for all nine 
subsamples are listed in Appendix XIX through XXXVI. 
l In order to evaluate the level of escalation, it is necessary to understand 
how each characteristic acts as an adaptational response to predation. The . 
size of the overall shell is an adaptational response to predation by naticid 
gastropods. As mentioned previously, larger prey are more likely to be able to 
escape if attacked by a naticid predator. An increase in overall shell size and 
thickness are the most effective antipredatory adaptations (Vermeij, 1987). 
Both characteristics represent an increase in the level of escalation. 
Height of shell (gastropods and bivalves), length of shell, convexity of 
shell, and width of shell are all characteristics that represent the overall size of 
the specimen being examined. An increase in shell thickness, as discussed 
earlier, is also an antipredatory adaptation of naticid prey, thus indicating a 
higher level of escalation. Increased shell thickness strengthens shells to help 








Figure 12. Representative examples of the different degrees of ornamentation 
· for gastropods and bivalves. Photographs taken from MacNeil and Dockery, 1984. 
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measured for both gastropods and bivalves. Varices, small surface nodes or · 
bumps, present on some gastropods also aid in increasing the shell thickness. 
Costae, rib-like external sculpture present on some bivalves and 
gastropods, help increase the thickness of the shell. The thickness of the 
costae vary from species to species. Some species are smooth and have no 
costae. Thick, wide and closely spaced costae increase the overall thickness of 
shells, and thus indicate a higher level of escalation (Vermeij, 1987). 
The degree of ornamentation was evaluated in both bivalves and 
gastropods. Ornamentation features, such as spines, are adaptational defense 
mechanisms. Highly armored individuals represent a higher level of escalation. 
Naticid gastropods have difficulty wrapping their mesopodium around highly 
ornamented prey (Vermeij, 1987). 
Crenulated valves present in some bivalves also aid in the defense 
mechanisms against predators. Crenulated valves allow for a tight seal. This 
tight seal prevents diagnostic chemical cues from being released into the 
environment. Also tight seals aid in defense against snails that drill along the 
edges of the valves of pelecypods (Vermeij, 1987). The presence of crenulated 
valves would indicate a higher level of escalation. 
lnequivalved pelecypods also show a higher level of escalation. If the 
shells are inequivalved, one valve overlaps the other along the commissure. 
This overlap serves a function similar to that of crenulated valves. The overlap 
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aids in a tight seal and also in support against strong compressive forces 
(Vermeij, 1987). 
In gastropods, one adaptational response to predators is a reinforced lip. 
A reinforced lip will increase the difficulty of a shell-peeling predator in breaking 
the aperture of a gastropod. This characteristic will also protect the shell 
against breakage as the prey is enveloped in the mesopodium of a drilling 
predator (Vermeij, 1987). 
Narrow, elongated apertures aid in the defense against shell-peeling 
predators. Crabs or other shell-peeling predators can not insert their claws into 
such apertures, and thus can not gradually break away the aperture. Other 
features, such as teeth, located in the, aperture are a defense mechanism 
against predators. The teeth aid in strengthening and thickening the aperture. 
Vermeij and Currey (1980) found that low-spired gastropods were more 
resistant to compression than high-spired individuals. The low-spired 
gastropods would therefore be better able to resist shell-crushing predators. 
However, high-spired gastropods are able withdraw the foot and other soft parts 
further up into the shell. This can help them avoid detection by predators. Also 
predators that attempt to reach their prey through the prey's aperture find it 
more difficult to reach the prey when it is withdrawn up into the high whorls 
(Vermeij, 1987). Although low-spired gastropods are more resistant to 
compression than high-spired gastropods, an individual is more likely to survive 
.J 
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if it can avoid being detected. Therefore, in this study, higher levels of 
escalation will be indicated by high-spired gastropods. 
The presence of some characteristics indicate lower levels of escalation. 
The presence of a gape in bivalves and the presence of an umbilicus in 
gastropods would allow the individual to be more susceptible to predation. A 
gape is present in many deeply burrowing bivalved shells for the inhalant and 
exhalant siphons. A gape may also be present in swimming or in rock-boring 
bivalves to aid in swimming or attachment (Vermeij, 1987). Instead of drilling 
into the shell, naticid gastropods can directly insert their proboscis into the gape 
(Turner, 1955). The presence of an umbilicus in gastropod shells weakens the 
shell. A weakened shell may be easily broken when grasped by a drilling 
predator or a shell-crushing predator (Vermeij, 1987). 
Data Analysis 
In order to determine the significance of the calculated drilling 
frequencies for the Red Bluff and the Moodys Branch Formations, a chi-squared 
test was conducted to compare the overall drilling frequencies of the two 
formations. The chi-squared test is a nonparametric test that compares the 
difference between observed and expected frequencies. The null hypothesis of 
the chi-squared test assumes that the frequencies of the two groups are 
comparable. The larger calculated values of X2 indicate a larger probability of 
deviation from the null hypothesis. 
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In the analysis of the data collected from the formations below and above 
the Eocene-Oligocene extinction boundary, I used the youngest subsample from 
the Moodys Branch Formation (2-6) and the oldest subsample from the Red 
Bluff Formation (38-0). Analyses were also conducted using combined data 
from all subsamples from the two formations. 
The relative abundance of species within a subsample must be 
considered in an evaluation of the level of escalation. Relative abundance is 
important to consider because it accounts for the number of individuals with the 
given characteristic instead of just the number of species that possess the trait. 
Therefore, the levels of escalation of the youngest subsample from the Moodys 
Branch Formation and the oldest subsample from the Red Bluff Formation were 
compared with and without using relative abundance. The combined data of 
the two formations were also compared using both approaches. 
Due to the fact that all characteristics used in evaluation of the level of 
escalation were not measured in the same way, several different types of 
· analysis were conducted. For characteristics (SH, H, W, ApHt, ApWd, ShTh, 
HtCos, WdC, Wdlnt, Ht, Lt, Conv, Wint) where actual measurements were 
taken, the Mann-Whitney U test was used to determine which subsample or 
formation was more highly escalated. For characteristics (costae, TA, AL, V, S, 
U, Cren, Gape, IN) that were recorded as being absent or present, chi-squared 
tests were used in order to determine which subsample or formation was more 
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highly escalated. A multivariate chi-squared test was used to determine the 
level of escalation using the trait of ornamentation. 
The Mann-Whitney U test is a nonparametric test that compares two 
independent samples. The test determines the probability that the two groups 
came from the same population with each characteristic examined separately. 
In order to conduct the Mann-Whitney U test, the measurements were 
entered into Statistical Package for the Social Sciences (SPSS). Instead of 
entering in all measurements that were collected, the measurements of the 
largest specimen from each species or the average measurements of each 
species were used in each comparison. Using the largest and average 
measurements allowed for a representative sample of each species. Mann-
Whitney U tests were conducted on the following: 
1. Youngest Moodys Branch subsample -vs- oldest Red Bluff subsample 
(uMB-IRB) 
a. Measurements of the largest gastropod specimen from each 
species weighting all species equally (lg spec, non r.a.) 
b. Measurements of the largest gastropod specimen from each 
species using relative abundance (lg spec, r.a.) 
c. Average gastropod measurements from each species weighting all 
species equally (avg-10, non r.a.) 
d. Average gastropod measurements from each species using relative 
abundance (avg-10, r.a.) 
e. Measurements of the largest bivalve specimen from each 
species weighting all species equally (lg spec, non r.a.) 
f. Measurements of the largest bivalve specimen from each 
species using relative abundance (lg spec, r.a.) 
g. Average bivalve measurements from each species weighting all 
species equally (avg-10. non r.a.) 
h. Average bivalve measurements from each species using relative 
abundance (avg-10, r.a.) 
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2. Overall Moodys Branch Formation -vs- Overall Red Bluff Formation 
(totMB-RB) 
a. Measurements of the largest gastropod specimen from each 
species weighting all species equally (lg spec, non r.a.) 
b. Measurements of the largest gastropod specimen from each 
species using relative abundance {lg spec, r.a.) 
· c. Measurements of the largest bivalve specimen from each 
species weighting all species equally (lg spec, non r.a.) 
d. Measurements of the largest bivalve specimen from each 
species using relative abundance (lg spec, non r.a.) 
In the Mann-Whitney U test in which all species were weighted equally, 
the measurements for each species were entered one time. For the test using 
relative abundances, only species that had a 1 % or greater relative abundance 
were used. The measurements for each species were entered into the 
database the same number of times as its percent relative abundance. A 
species that had a relative abundance of 50% had its measurements entered 
50 times. 
To conduct chi-squared tests on several characteristics, the number of 
species that possessed each trait (costae, TA, RL, V, S, U, Cren, Gape, IN) 
and the number that did not were determined. In chi-squared tests that 
weighted all species equally, the number of species that possessed or did not 
possess the traits were calculated. In chi-squared tests that considered relative 
abundances, the percentages of individuals that possessed or did not possess 
the traits were calculated. A chi-squared test was conducted on the above 
traits comparing the youngest Moodys Branch Formation subsample -vs- the 
oldest Red Bluff Formation subsample. Tests were also run on the overall 
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Moodys Branch Formation sample -vs- overall Red Bluff Formation sample. 
The number or percentage of species that did or did not possess each trait are 
presented in Tables 3 and 4. 
A multivariate chi-squared test was used to evaluate the degree of 
ornamentation. In this multivariate test, all degrees of ornamentation could be 
compared at one time. This test is based on the difference between observed 
and expected frequencies. 
A table was also constructed that listed the average measurements for 
each characteristic for which actual measurements were taken (Table 5). 
Table 5 shows data for each subsample and for the overall formations. In 
Tables 3, 4, and 5, the measurements for each level were listed in stratigraphic 
order. This was done so that possible trends occurring through time might be 
easier to identify. 
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TABLE 3. 
Number of species possessing each presence/absence characteristic 
Gastropoda 
Formation # of Species TA AL V s u sm f C vc 
RB 38-2 14 3 4 3 0 2 5 1 8 0 
RB 38-1 16 2 0 5 0 1 4 1 10 1 
RB 38-0 11 2 1 2 0 2 5 0 6 0 
MB 2-6 10 0 1 0 0 2 7 3 0 0 
MB 2-3 20 1 2 · 0 0 4 12 5 3 0 
MB 1-6/2-0 24 2 3 0 0 6 13 4 7 0 
MB 1-3 22 2 3 2 0 4 10 6 6 0 
MB 1-0 17 2 3 0 0 4 9 5 3 0 
Overall RB 26 5 3 5 0 2 8 2 15 1 
Overall MB 32 4 5 2 0 7 14 9 9 0 
Bivalvia 
Formation # of Species costae Cr Ga In sm f C vc 
RB 38-2 11 9 4 1 1 3 4 3 1 
RB 38-1 12 10 3 1 2 4 3 5 0 
RB 38-0 17 14 8 2 1 5 5 4 3 
MB 2-6 18 16 8 2 3 6 7 5 0 
MB 2-3 19 17 7 2 3 6 9 4 0 
MB 2-0 20 18 8 2 3 6 10 4 0 
MB 1-6 18 14 7 1 2 7 8 3 0 
MB 1-3 19 15 6 1 3 7 9 3 0 
MB 1-0 16 13 4 1 3 7 8 1 0 
Overall RB 22 19 9 2 2 7 5 6 4 
Overall MB 28 22 11 3 3 11 12 5 0 
MB = Moodys Branch Formation 
RB = Red Bluff Formation 
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TABLE 4. 
Percentage of individuals possessing each 
presence/absence characteristic 
Gastropoda 
Formation TA RL V s u sm f C . vc 
RB 38-2 5.7 15.4 11.5 0 19.3 67.3 5.8 26.8 0 
RB 38-1 3.6 0 11.7 0 8.9 68.7 1.8 25.2 0 
RB 38-0 9.6 6.4 12.8 0 48.3 64.4 0 35.3 0 
MB 2-6 0 1.6 0 0 2.4 80.9 15 0 0 
MB 2-3 1.2 8.5 0 0 14.6 49.8 30.4 19.4 0 
MB2-0 3.6 13.2 0 0 16.8 46.8 20.5 31.3 0 
MB 1-6 0 6.3 0 0 20.8 54.2 29.2 16.6 0 
MB 1-3 5.6 13.2 2.8 0 9.4 39.6 28.3 26.4 0 
MB 1-0 2 21.2 0 0 9 45.2 29.2 25.2 0 
Overall RB 3.1 6.1 12.2 0 18 66.2 1.5 26.6 0 
Overall MB 2.5 10 1.3 0 10.2 52.9 24.6 17.2 0 
Bivalvia 
Formation costae Cr Ga In sm f C vc 
RB 38-2 96 5.5 2.3 89.4 3.4 92.8 3.2 0 
RB 38-1 97.3 8.9 4.3 86.6 1.5 92.7 4.6 0 
RB 38-0 94.4 25.2 13.6 6S.2 2.3 82.8 11.6 0 
MB 2-6 92.3 14.7 1.9 10.5 60.9 24.8 11.5 0 
MB 2-3 79.6 13.2 0 7.2 51 40.2 5.2 0 
MB 1-6/2-0 82 12.9 3.7 5.9 55.4 38.8 3.3 0 
MB 1-3 83 21 .5 2.7 4.9 54.6 40.6 3.6 0 
MB 1-0 82.8 14.2 0 5 62.3 33.5 2.3 0 
Overall RB 96 11.7 5.9 3 2.6 90.2 5.8 0 
Overall MB 83.6 15.2 2.3 6.9 57.8 35.7 4.4 0 
MB = Moodys Branch Formation 
RB = Red Bluff Formation 
Jf _______ ~~==== 
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Table 5. 
Calculated average measurements of gastropods and bivalves 
Gastropoda 
Formation SH H w ApHT ApWd ShTh HtCos WdC Wdln1 
RB 38-2 2.63 4.58 2.21 2.38 0.98 0.19 2.09 0.13 0.25 
RB 38-1 3.1 5.03 2.37 2.59 1.01 0.23 0.38 0.14 0.25 
RB 38-0 1.86 2.25 1.64 1.17 0.77 0.17 0.25 0.06 0.26 
MB 2-6 2.74 5.15 2.17 1.37 1.23 0.23 0.21 0.05 0.09 
MB 2-3 1.72 2.75 1.87 1.63 0.78 0.2 0.26 0.07 0.13 
MB 2-0 1.85 3.6 2.1 1.8 1. 1 0.19 0.26 0.06 0.12 
MB 1-6 2.23 3.54 1.88 1.38 1.03 0.42 0.26 0.07 0.13 
MB 1-3 2.15 4.1 2.85 2.17 0.94 0.24 0.33 0.1 0.17 
MB1-0 2.3 3.99 2.12 1.8 0.91 0.21 0.28 0.1 0.16 
RB 2.53 3.95 2.07 2.05 0.92 0.2 0.91 0.11 0.25 
MB 2.17 3.86 2.17 1.69 0.99 0.25 0.27 0.08 0.13 
Bivalvia 
Formation Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
RB 38-2 4.19 5.05 1.55 0.23 25 0.35 0.15 0.16 
RB 38-1 3.78 4.42 1.45 0.23 21 0.29 0.14 0.11 
RB 38-0 4.39 5.25 1.62 0.29 19 0.41 0.21 0.16 
MB 2-6 6.42 3.79 1.17 0.19 19 0.24 0.08 0.11 
MB 2-3 3.84 4.53 1.35 0.21 25 0.6 0.09 0.09 
MB 1-6/2-0 4.22 4.74 1.35 0.21 30 0.27 0.09 0.1 
MB 1-3 8.88 11.6 1.36 0.19 34 0.23 0.06 0.09 
MB 1-0 3.62 4.39 1.13 0.17 28 0.21 0.06 0.08 
RB 4.12 4.91 1.54 0.25 21.7 0.35 0.17 0.14 
MB 5.4 5.82 1.27 0.19 27 0.31 0.08 0.09 
* MB = Moodys Branch Formation 
RB = Red Bluff Formation 
RESULTS 
The Kelley-Hansen hypothesis is based on a cyclic pattern of drilling 
frequencies. Previous to a mass extinction, the drilling frequencies are low. 
After the mass extinction drilling frequencies show a significant increase and 
· slowly begin to decline. The chi-squared tests that compared the drilling 
frequencies of the Red Bluff and the Moodys Branch Formations supported the 
data presented in Kelley and Hansen {1996). 
There was a significant increase of drilling frequencies across the 
Eocene-Oligocene mass extinction boundary between the Moodys Branch and 
the Red Bluff Formations. Table 6 lists the calculated drilling frequencies for 
each subsample. Also shown are the overall drilling frequencies for both the 
Red Bluff and the Moodys Branch Formations. These were calculated by using 
the total number of specimens from each formation. · 
In comparing the overall drilling frequencies of the gastropods, a X2 
coefficient of 0.90 was calculated, for the bivalve average drilling frequencies a 
X2 coefficient of 11.86 was calculated, and for the total fauna average drilling 
frequencies a X2 coefficient of 22.73 was calculated. Similar results were 
reached when the youngest Moodys Branch sample and the oldest Red Bluff 
sample were compared. Chi-squared values for the gastropod, bivalve, and 




Calculated Drilling Frequencies 
Gastropoda Bivalvia Fauna . 
Red Bluff 38-2 0.1538 0.2111 0.2067 
Red Bluff 38-1 0.1964 .0.1661 0.1720 
Red Bluff 38-0 0.0645 0.1741 0.1658 
Overall Red Bluff 0.1641 0.1872 0.1845 
Moodys Branch 2-6 0.1032 0.0713 0.0823 
Moodys Branch 2-3 0.1829 0.1161 0.1282 
Moodys Branch 2-0 . 0.1687 0.1370 0.1429 
Moodys Branch 1-6 0.1563 0.1289 0.1347 
Moodys Branch 1-3 0.1038 0.1234 0.1198 
Moodvs Branch 1-0 0.1313 0.2497 0.2262 
Overall Moodvs Branch 0.1368 0.1426 0.1414 
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from the bivalve and total fauna chi-squared tests indicate a significant increase 
in the drilling frequencies across the Eocene-Oligocene extinction boundary at a . 
0.05 confidence level. The gastropod tests did not indicate a significant increase 
in drilling frequencies across the Eocene-Oligocene extinction boundary. 
However, the gastropods did not represent a large percentage of the overall 
fauna and therefore the total fauna X2 values are more reliable. 
The Kelley-Hansen hypothesis predicted that the samples taken from 
sediments below a mass extinction boundary should be more highly escalated 
than samples taken from sediments above the mass extinction boundary. To 
be in accordance with this hypothesis, the samples taken from the Moodys 
Branch Formation should show a higher level of escalation than the samples 
from the Red Bluff Formation. 
The results of the Mann-Whitney U tests used to compare the level of 
escalation between the Moodys Branch Formation and the Red Bluff Formation 
can be seen in Tables 7 and 8. Table 7 shows the overall results for the 
gastropods and Table 8 shows the overall results for the bivalves. These tables 
indicate the probability values (P values) that were obtained for each test that 
was run and the characteristics that were used. Calculated P values less than 
0.05 indicate that there was a significant difference in the escalation of the 
fauna from the samples tested. Some P values that were calculated indicated 
that there was a significant difference between the two samples being 
compared; however some of these values were significant in the wrong 
54 
Table 7. 
Calculated P values of Mann-Whitney U test for gastropods 
totMB-RB lg spec uMB-IRB lg spec uMB-IRB avg-10 
Characteristic non r.a. r.a. non r.a . r.a. non r.a. r.a. 
. ApHt 0.4060 0.0775 0.2398 0.0000 0.1729 0.0000 
ApWd 0.0913 0.0000 0.1313 0.0000 0.0337 0.0000 
H 0.4384 0.0000 0.2583 0.0000 0.2457 0.0000 
HtCos 0.2346 0.2769 0.4416 · 0 .0059 0.3524 0.0051 
SH 0.2342 0.0015 0.4022 0.0000 0.4507 0.0000 
ShTh 0.4960 0.0000 0.3118 0.0000 0.2576 0.0000 
w 0.1627 0.0000 0.2957 0.0595 0.0801 0.0000 
WdC 0.3731 0.0005 0.1749 0.0007 0.3923 0.0000 
Wdlnt 0.1062 0.2231 . 0.0493 0.2462 0.0602 0.0076 
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Table 8. 
Calculated P values of Mann-Whitney U test for bivalves 
totMB-RB lg spec uMB·IRB lg spec uMB-IRB avg-10 
Characteristic non r.a. r.a. non r.a. r.a. non r.a. r.a. 
Conv 0.2335 0.0000 . 0.5000 0.0000 0.1941 0.0000 
Ht 0.1507 0.0107 0.4280 0.0000 0.1049 0.0000 
HtCos 0.3164 0.0000 0.0095 0.0000 0.0018 0.0000 
Lt 0.0736 0.0096 0.3461 0.0000 0.0431 0.0000 
NoCo 0.3301 0.3067 0.1825 0.0000 0.5000 0.0000 
ShTh 0.4499 0.0000 0.0411 0.0000 0.008.2 0.0000 
WdC 0.1990 0.0000 0.0496 0.0000 0.0551 0.0000 
Wdlnt 0.2474 0.0224 0.3860 0.0000 0.2689 0.0000 
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direction. Tables 9 and 1 O indicate which formation contained the more highly 
escalated fauna or if the difference between the two formations was not 
significant. 
As Table 9 shows, · most of the gastropod characteristics were more · 
highly escalated in the Moodys Branch Formation (youngest Moodys Branch 
Formation and the oldest Red Bluff Formation) using the average 
measurements and relative abundance. However, many of the other tests 
indicated that there was not a significant difference between the level of 
escalation of the gastropods in the two formations or that the Red Bluff was 
more highly escalated. Th~ overall results of the tests evaluating the level of 
escalation of the bivalves between the two formations indicate that the Red 
Bluff Formation samples were more highly escalated than the Moodys Branch 
Formation samples or there was not a significant difference between the two 
formations. 
The comparison between the two formations was also made using 
presence-absence characteristics and the chi-squared test. Tables 11 and 12 
show the results of the chi-squared test comparing the level of escalation of the 
gastropods from the Red Bluff and the Moodys Branch Formations for the 
gastropods and bivalves. X2 values greater than 3.84 for the two way chi-
squared tests indicate that there is a significant difference between the samples 
being tested at a 0.05 confidence level. 
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Table 9. 
Summary of Mann-Whitney U test for gastropods: 
Indicates which fauna was more highly escalated 
totMB-RB lg spec uMB-IRB Jg spec uMB-IRB avg-10 
Characteristic non r.a. r.a. non r.a. r.a. non r.a. r.a. 
ApHt ns ns ns MB ns MB 
ApWd ns RB ns RB RB RB 
H ns MB ns MB ns MB 
HtCos ns ns ns RB ns MB 
SH ns MB ns MB ns MB 
ShTh ns MB ns MB ns MB 
w ns MB ns ns ns MB 
WdC ns MB ns MB ns MB 
Wdlnt ns ns MB ns ns RB 
* ns = not significant RB = Red Bluff Formation 
MB = Moodvs Branch Formation 
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Table 10. 
Summary of Mann-Whitney U test for bivalves: 
Indicates which fauna was more highly escalated 
totMB-RB lg spec uMB-IRB lg spec uMB-IRB avg-10 
Characteristic non r.a. r.a. non r.a~ r.a. non r.a. r.a. 
Conv ns MB ns RB ns RB 
Ht ns MB ns RB ns RB 
HtCos ns RB · RB RB RB RB 
Lt ns MB ns RB RB RB 
NoCo ns ns ns RB ns RB 
ShTh ns RB RB RB RB RB 
WdC ns RB RB RB ns RB 
Wdlnt ns MB ns RB ns RB 
* ns = not significant RB = Red Bluff Formation 
MB = Moodvs Branch Formation 
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Table 11. 
Calculated Chi-Squared values for gastropods 
totMB-RB . uMB-IRB 
Characteristic non r.a. r.a. non r.a. r.a. 
TA 0.50 0.00 2.01 10.11 
RL 0.20 1.05 0.01 1.92 
V 2.28 10.12 2.01 13.37 
u 2.20 2.78 0.01 54.34 
ORNAMENTATION 28.63 · 1389.36 9.31 52.11 
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Table 12. 
Calculated Chi-Squared values for bivalves 
totMB-RB uMB-IRB 
Characteristic non r.a. r.a. non r.a. r.a. 
costae 0.21 7.91 0.31 0.52 
gape 0.04 2.04 0.00 9.81 
cren 0.01 0.42 0.03 3.15 
In 0.04 116.75 1.00 68.63 
OR NAM ENT ATION 25.36 98.50 2.11 85.61 
61 
Tables 13 and 14 indicate which fauna, for the gastropods and bivalves, 
was more highly escalated based on presence-absence characteristics and the 
chi-squared values. The overall results for the gastropods show that the 
Moodys Branch Formation is not the more highly escalated sample, and in fact 
) 
. . 
that the Red Bluff Formation is the more highly escalated in some cases. The 
overall results for the bivalves reveal that there is little difference in the degree 
of escalation between the two formations, and when there is a significant 
difference the Red Bluff Formation is usually the more highly escalated. 
The tables which listed the empirical data of each subsample and the 
overall formations were examined. Table 5, which listed the average 
measurements for each subsample or formation, showed trends that did support 
the Kelley-Hansen hypothesis. Those gastropod characteristics which showed 
trends that supported the hypothesis in the subsample data are spire height, 
height, width, shell thickness, and width of the costae. These characteristics 
showed an overall increase through the upper Eocene, a decrease across the 
extinction boundary, and an increase through the lower Oligocene. Those 
characteristics supporting the hypothesis for the bivalves are length, height, and 
width between costae. Length and height increased through the upper Eocene, 
decreased across the extinction boundary, and .increased through the lower 
Oligocene. Width between costae decreased through the upper Eocene, 




Table 13 . . 
Summary of Chi-Squared test for gastropods: 
Indicates which fauna was more hi ~hly escalated 
totMB-RB uMB-IRB 
Characteristic non r.a. r.a. non r.a. r.a. 
TA ns ns ns RB 
RL ns ns ns ns 
V ns RB ns RB 
u ns ns ns MB 
ORNAMENTATION RB . RB RB RB 
* ns = not significant RB = Red Bluff Formation 




Summary of Chi-Squared test for bivalves: 
Indicates which fauna was more highly escalated 
totMB-RB uMB-IRB 
-
Characteristic non r.a. r.a. non r.a. r.a. 
costae ns RB ns ns 
gape ns ns ns MB 
cren ns ns ns ns 
In ns RB ns RB 
ORNAMENTATION RB RB ns RB 
* ns = not significant RB = Red Bluff Formation 
MB = Moodvs Branch Formation 
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In the examination of the overall average measurements for the 
formations, the following gastropod characteristics supported the Kelley-Hansen 
hypothesis: width, aperture height, shell thickness, and width between costae. 
Width and shell thickness showed a decrease across the extinction boundary, 
while aperture height and width between costae showed an increase. 
Supporting characteristics for the bivalves are height, length, number of costae 
and width between costae. Height, length, and number of costae increased 
across the extinction boundary and width between costae increased. 
Data for the nonmeasurable characteristics (Table 3) did not show any 
supporting trends for the Kelley-Hansen hypothesis when examining the 
subsample data of the gastropods. Supporting trends for the hypothesis were 
found when examining the subsample data for bivalves. The characteristics 
which showed these trends are the presence of costae and an inequivalved 
shell. The number of species that possessed costae increased through the 
upper Eocene, decreased across the extinction boundary, and increased again 
during the lower Oligocene. The number of species that had inequivalved 
shells decreased across the extinction boundary. In looking at the overall data 
for the two formations, several characteristics supported the Kelley-Hansen 
hypothesis. The characteristic that showed the supporting trend for the 
· . gastropods is a reinforced lip. The number of species that had a reinforced lip 
decreased across the extinction boundary. The supporting characteristics for 
escalation in bivalves are presence of costae, crenulated valves and 
--=-======---------· 
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inequivalved shells. The number of species that possessed these 
characteristics decreased across the extinction boundary. 
When relative abundance was taken into account (Table 4), the 
characteristic of umbilicus (gastropod), and gape and fine ornamentation 
(bivalves) exhibited trends that supported the Kelley-Hansen hypothesis. The 
percentage of individuals that possessed an umbilicus decreased in the end of 
. the upper Eocene, increased across the extinction boundary, and decreased 
again during the lower Oligocene. The percentages of species that possessed 
a gape and fine ornamentation increased across the extinction boundary. In the 
examination of the overall data of each formation, several characteristics 
showed supporting trends for the Kelley-Hansen hypothesis. Characteristics 
that showed supporting trends 'for the gastropods are reinforced lip, umbilicus 
and smooth ornamentation; and for the bivalves are gape, inequivalved sheHs 
and fine ornamentation. The percentage of individuals that possessed a 
reinforced lip, and inequivalved shells decreased across the extinction 
boundary; the percentage of individuals that possessed an umbilicus, gape, 
smooth ornamentation (gastropods), and fine ornamentation (bivalves) 
· increased across the extinction boundary. 
DISCUSSION 
The overall results from the Mann-Whitney U tests and the chi-squared 
tests showed that the data collected from the Eocene-Oligocene boundary 
sections in central Mississippi do not support the Kelley-Hansen hypothesis. 
The results do not show that the Moodys Branch Formation fauna is more 
highly escalated than that of the Red Bluff Formation. In fact, many of the tests 
indicated that the Red Bluff fauna is more highly escalated than the Moodys 
Branch fauna. 
Only 13.3% of the Mann-Whitney U tests for the gastropods indicated 
that the Moodys Branch Formation was more highly escalated than the Red 
Bluff Formation, thus supporting the Kelley-Hansen hypothesis. The other 87% 
of the gastropod tests did not support the hypothesis; 30% of the tests indicated 
the Red Bluff Formation was more highly escalated than the Moodys Branch 
Formation, and 56.7% indicated there was no significant difference between the 
level of escalation of the two formations. 
The Mann-Whitney U test for the bivalves indicated only 8.3% of the 
results were in accordance with the hypothesis. The majority of the tests, 
52.1 %, indicated that the Red Bluff fauna was the more highly escalated and 
39.6% indicated that there was no significant difference in the levels of 
escalation within the two formations. 
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The results for the chi-squared tests examining the absence or presence 
of certain characteristics provided minimal support for the Kelley-Hansen 
hypothesis. Sixty percent of the tests for both gastropods and bivalves 
. indicated the Red Bluff Formation to be more highly escalated than the Moodys 
Branch Formation. Thirty-five percent of the tests for both gastropods and 
bivalves found there was no significant difference between the two formations, 
and only 5% supported the Kelley-Hansen hypothesis. 
The most supportive evidence for the Kelley-Hansen hypothesis came 
from the examination of trends found in the empirical data. Fifty-five percent of 
the measured gastropod characteristics for the subsamples showed trends that 
supported this hypothesis, as did 50% of the .bivalve characteristics. The 
results from measurements compiled from each formation showed that 44% of 
the gastropod characteristics and 37.5% of the bivalve characteristics supported 
the Kelley-Hansen hypothesis. None of the gastropod characteristics and 25% 
of the bivalve characteristics showed trends in the subsample data for the 
presence/absence characteristics that supported the Kelley-Hansen hypothesis. 
For the overall formation data, 11 % of the gastropod characteristics and 50% of 
the bivalve characteristics showed supporting trends. 
When relative abundance was taken into account, 11 % of the gastropod 
characteristics and 12.5% of the bivalve characteristics showed supporting 
trends when examining the subsample data. In examining the composite data 
for the overall formation , 33.3% of the gastropod characteristics and 50% of the 
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bivalve characteristics showed supporting evidence for the Kelley-Hansen 
hypothesis. However, the trends found in the subsample data and the trends 
found in the composite data for the overall formations were not consistent. 
Additionally, there was a great deal of fluctuation in the values of those 
characteristics that did show supporting trends. Furthermore, these trends were 
not statistically tested and can not be considered reliable. 
A study comparable to this one was conducted by Hansen and Kelley 
(1995). Kelley and Hansen (1993, 1996) had noted a surge in naticid 
gastropod drilling frequencies immediately after the Cretaceous-Tertiary and the 
Eocene-Oligocene extinctions and attributed it to elimination of highly escalated 
prey during the extinction. A more complete test, similar to the one in this study, 
of the effects of the Cretaceous-Tertiary extinction was conducted (Hansen and 
Kelley, 1995). As in this study, Hansen and Kelley identified antipredatory 
adaptations from the gastropod and bivalve specimens taken from above and 
below the extinction boundary (the Cretaceous Ripley Formation and the 
Paleocene Brightseat Formation). Shell size and thickness were measured for 
each species. Also noted were the presence of such traits as crenulated shell 
margins and unequal valves in bivalves, toothed apertures, reinforced lips and 
the presence of an umbilicus in the gastropods. 
· Hansen and Kelley (1995) found that the early Tertiary mollusks were 
significantly less escalated than were the Cretaceous fauna. The Cretaceous 
bivalves had significantly thicker shells (Mann-Whitney U, P < .001 ). Late 
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Cretaceous gastropods were more highly ornamented than the Paleocene 
gastropods (X2 = 8.41, P < 0.05). These results support the idea that escalated 
species are more vulnerable during mass extinction, thus supporting the Kelley-
Hansen hypothesis. 
The contrasting results from this study and the Hansen and Kelley study 
suggest that 1) the two studies were not comparable; 2) the Kelley-Hansen 
hypothesis is incorrect; or 3) the Cretaceous-Tertiary and the Eocene:.Qligocene 
extinctions had fundamentally different effects on the molluscan faunas. 
This study was modeled directly after the study conducted by Hansen 
and Kelley (1995). Similar traits were examined using the same methods. This 
approach eliminated any biases that might occur due to differences in methods. 
The increase in drilling frequency across the Cretaceous-Tertiary and 
Eocene-Oligocene boundaries indicates that mass extinction did have long term 
effects on the naticid-gastropod predator prey system. This increase in drilling 
frequencies across these two boundaries indicates that the naticid gastropods 
were able to attack their prey with greater success after the extinctions, in 
accordance with the Kelley-Hansen hypothesis. Therefore, the drilling 
frequencies indicate that the Kelley-Hansen hypothesis is not completely 
incorrect. 
Although both the Cretaceous-Tertiary and the Eocene-Oligocene mass 
extinctions show a significant increase in drilling frequencies across the 
extinction boundary, these two extinctions do not produce the same results 
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when examining the levels of escalation. The Cretaceous fauna was more 
highly escalated than the Tertiary fauna, while the Eocene fauna was less 
escalated than the Oligocene fauna. These two extinctions appare_ntly had 
fundamentally different effects on the Cretaceous-Tertiary and the Eocene-
Oligocene faunas. What factor(s) contribute to the different effects these two 
extinction periods had on the faunas? This question may be answered by 
examining the rate and level of extinction across the Cretaceous-Tertiary and 
the Eocene-Oligocene boundary. 
The Eocene-Oligocene extinction occurred in a step-wise fashion over an 
8 million year period. Accelerated rates of extinction started by the mid-late 
Eocene boundary (Hansen, 1987). As mentioned earlier, climatic cooling is the 
most plausible explanation for this mass extinction event. This extinction was 
manifested in the loss of species and genera (Stanley, 1987). 
. . 
In contrast, the Cretaceous-Tertiary extinction was marked by a period of 
heavy extinction which ended with a pulse of extremely high number of 
extinctions. Some of the marine invertebrates that were affected exhibited 
instantaneous extinction, while other groups declined over approximately a 
million years (Stanley, 1987). Many different causes of this extinction have 
been hypothesized, such as impact by some type of meteorite and climatic 
warming (Stanley, 1987). The Cretaceous -Tertiary extinction affected higher 
levels of the taxonomic hierarchy such as classes and orders. About 80% of 
the species in most families became extinct through this extinction (Hansen, 1988). 
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one main difference that has been noted between these two extinctions is the 
effects on primary productivity. The Cretaceous-Tertiary mass extinction had a 
large effect on the primary productivity, unlike the Eocene-Oligocene mass 
extinction (Hansen et al, 1993). Due to the fact that these two mass extinctions 
had different effects on the primary productivity leads to the assumption that 
these two mass extinction had different causes. 
Therefore, the factors of magnitude and cause are two plausible 
explanations of the different effects that the Eocene-Oligocene and the 
Cretaceous-Tertiary mass extinctions had on the faunas. Although these two 
factors are definite possibilities, more research is needed to examine all factors 
which might have caused the Eocene-Oligocene and the Cretaceous-Tertiary 
mass extinctions to have different effects on the fauna. 
CONCLUSION 
1) . Examination of drilling frequencies from the samples from the Eocene 
Moodys Branch Formation and Oligocene Red Bluff Formation revealed 
a significant change within the naticid predator-prey system across the 
Eocene-Oligocene mass extinction boundary. The drilling frequencies of 
the Red Bluff Formation were significantly greater than those of the 
Moodys Branch Formation. Thus drilling frequencies rose significantly 
after the Eocene-Oligocene mass extinction. 
2) Mann-Whitney U tests, which examined the measurable characteristics, 
and chi-squared tests, which examined the presence/absence 
characteristics and ornamentation, did not reveal that the Oligocene 
(Moodys Branch Formation) samples were more highly escalated than 
the Eocene (Red Bluff Formation) samples. This contradicts the 
· predictions of the Kelley-Hansen hypothesis that mass extinction 
preferentially eliminated the highly escalated prey. 
3) Previous works by Hansen and Kelley (1995) found a significant 
difference in drilling frequencies between samples above and below the 
Cretaceous-Tertiary extinction boundary. They found that the 
Cretaceous fauna was more highly escalated than the Tertiary fauna, in 
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accordance with the Kelley-Hansen hypothesis but in contrast to the 
results from this study. 
4) The Eocene-Oligocene and the Cretaceous-Tertiary extinctions had 









List of species from Moodys Branch Formation subsample 1-0 
# of % of % of 
specimens Class sample 
Gastropoda 
Solariorbis subangulatus 1 1 0.2 
Architectonica bellistriata 1 t 0.2 
Turritella alveata 7 7 1.4 
Turritella perdita jacksonensis 2 2 0.4 
Bittium koeneni 22 22 4.4 
Calyptraphorus stamineus 19 19 3.8 
Hipponix pygmaeus 17 17 3.4 
Capulus americanus 1 1 0.2 
Natica permunda 4 4 0.8 
Euspira jacksonensis 3 3 0.6 
Agaronia media 7 7 1.4 
Bullata semen jacksonensis 1 1 0.2 
Conomitra jacksonensis 1 1 0.2 
Paradrillia jacksonensis 2 2 0.4 
Terebra jacksonensis 3 3 0.6 
Acteon annectens 1 1 0.2 
Retusa jacksonensis 7 7 1.4 
Bivalvia 
Nucula spheniopsis 19 2.4 1.9 
Hilgardia multilineata 51 6.4 5.1 
Glycymeris filosa 1 0.1 0.1 
Eburneopecten scintillatus 26 3.2 2.6 
Gonimyrtea cLirta 101 13 10 
Gonimyrtea subcurta 85 11 8.5 
Venericardia diversidentafa 10 1.2 1 
Astarte pretriangulata 2 0.3 0.2 
Spisula jacksonensis 97 12 9.7 
Tellina vaughani 23 2.9 2.3 
Pitar securiformis 334 42 33 
Callista annexa 4 0.5 0.4 
Corbula densata 5 0.6 0.5 
Corbula willistoni 31 3.9 3.1 
Caestocorbula wailesiana 9 1. 1 0.9 
Mis. species A 1 0.1 0.1 
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Table 15. (cont.) 
Mis. species B 2 0.3 0.2 
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List of species: Moodys Branch Foramation subsample 1-3 
# of % of % of 
specimens Class sample 
Gastropoda 
Solariorbis subangulatus 2 1.9 0.4 
Architectonica bellistriata 1 0.9 0.2 
Turritella alveata 4 3.8 0.7 
Turritella rivurbana 1 0.9 0.2 
Bittium koeneni 22 21 3.8 
Calyptraphorus stamineus 1 1 10 1.9 
Hipponix pygmaeus 16 15 2.8 
Capulus americanus 1 0.9 0.2 
Calyptraea aperta 2 1.9 0.4 
Natica permunda 5 4.7 0.9 
Euspira jacksonensis 3 2.8 0.5 
Tritonoatractus pearlensis 3 2.8 0.5 
Agaronia media 12 11 2.1 
Bullata semen jacksonensis 3 2.8 0.5 · 
Sinistrella americana 3 2.8 0.5 
Pleurofusia fluctuosa 1 0.9 0.2 
Paradrillia jacksonensis 1 0.9 0.2 
Terebra jacksonensis 7 6.6 · 1.2 
Pyramidella meyeri 2 1.9 0.4 
Acteon annectens . 3 2.8 0.5 
Mnestia meyeri 2 1.9 0.4 
Retusa jacksonensis 1 0.9 0:2 
Bivalvia 
Nucula spheniopsis 43 4.6 3.7 
Hilgardia multilineata 86 9.1 7.5 
Glycymeris idonea 1 0.1 0.1 
Chlamys nupera 1 0.1 0.1 
Eburneopecten scintillatus 49 5.2 4.3 
Gonimyrtea curta 125 13 11 
Gonimyrtea subcurta 146 16 13 
Venericardia diversidentata 13 1.4 1.1 
Astarte pretriangulata 1 0.1 0.1 
Nemocardium nicolletti 2 0.2 0.2 
Spisula jacksonensis 100 11 8.7 
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Table 16. (cont.) 
Tellina vaughani 14 1.5 1.2 Tellina linifera · 1 0.1 0.1 Pitar securiformis 307 33 27 Corbula densata 25 2.7 2.2 Corbula willistoni 1 0.1 0.1 Caestocorbula wailesiana 21 2.2 1.8 Mis. species C 1 0.1 0.1 Mis. species D 3 0.3 0.3 
-
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List of species: Moodys Branch Formation subsample 1-6 
# of % of %of 
Gastropoda 
specimens Class sample 
Architectonica bellistriata 1 1 0.2 
Turritella alveata 6 6.3 1.3 
Turritella perdita jacksonensis 10 10 2.2 
Bittium koeneni 12 13 2.6 
Melanella jacksonensis 2 2;1 0.4 
Calyptraphorus stamineus 6 6.3 1.3 
Hipponix pygmaeus 20 21 4.4 
Calyptraea glandaria 2 2.1 0.4 
Natica perm unda 14 15 3.1 
Euspira jacksonensis 5 5.2 1.1 
Tritonoatractus pearlensis 1 1 0.2 
Agaronia media 6 6.3 1.3 
Paradrillia jacksonensis 2 2.1 0.4 
T erebra jacksonensis 2 2.1 0.4 
Pyramidella meyeri 1 1 0.2 
Mnestia meyeri 3 3.1 0.7 
Retusa jacksonensis 3 3.1 0.7 
Bivalvia 
Nucula spheniopsis 27 3.8 2.9 
Hilgardia multilineata 45 6.3 4.9 
Glycymeris idonea 2 0.3 0.2 
Glycymeris filosa 2 0.3 0.2 
Pteria limula vanwinkleae 1 0.1 0.1 
Chlamys nupera 2 0.3 0.2 
Eburneopecten scintillatus 29 4.1 3.2 
Gonimyrtea curta 176 25 19 
Gonimyrtea subcurta 58 8.1 6.4 
Venericardia diversidentata 12 1.7 1.3 
Astarte pretriangulata 5 0.7 0.6 
Spisula jacksonensis 74 10 8.2 
Tellina eburneopsis 1 0.1 0.1 
Tellina vaughani 15 2.1 1.7 
Pitar securiformis 203 28 22 
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List of species: Moodys Branch Foramtion subsample 2-0 
# of % of %of 
specimens Class sample 
Gastropoda 
Solariorbis subangulatus 4 4.8 0.9 
· Solariella cancellata jacksonia 2 2.4 0.5 
Turritella alveata 3 3.6 0.7 
Turtle perdita jacksonensis 7 8.4 1.6 
Bittium koeneni 19 23 4.2 
Calyptraphorus stamineus 8 9.6 1.8 
Hipponix pygmaeus 13 16 2.9 
Calyptraea aperta 1 1.2 0.2 
Natica permunda 1 1.2 0.2 
Euspira jacksonensis 6 7.2 1.3 
Sinum jacksonense 1 1.2 0.2 
Tritiaria jacksonensis 
-1 ' 1.2 0.2 
Tritonoatractus pearlensis 4 4.8 0.9 
Agaronia media 4 4.8 0.9 
Bullata semen jacksonensis 2 2.4 0.5 
Sinistrella americana 1 1.2 0.2 
Pyramidella meyeri 1 1.2 0.2 
Mnestia meyeri 4 1.2 0.2 
Retusa jacksonensis 4.8 0.9 
Bivalvia 
Nucula spheniopsis 30 4.1 3.3 
Hilgardia multilineata 39 5.3 4.4 
Barbatia aspera 2 0.3 0.2 
Glycymeris idonea 1 0.1 0.1 
Glycymeris filosa 1 0.1 0.1 
Ebumeopecten scintillatus 39 5.3 4.4 
Chlamys nupera 1 0.1 0.1 
Gonimyrtea curta 147 20 16 
Gonimyrtea subcurta 62 8.5 6.9 
Venericardia diversidentata 4 0.6 0.5 
Astarte pretriangulata 1 0.1 0.1 
Spisula jacksonensis 92 13 10 
Tellina vaughani 38 5.2 4.2 
Tellina linifera 1 0.1 0.1 
86 
Table 18. (cont.) 
Pitar securiformis 228 31 25 
Callista annexa 1 0.1 0.1 
Corbula densata 17 2.3 1.9 
Corbula willistoni 13 1.8 1.6 
Caestocorbula wailesiana 11 1.5 1.2 
Verticordia cossmanni 2 0.3 0.2 
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List of species: Moodys Branch Formation subsample 2-3 
# of % of %of 
Gastropoda 
specimens . Class sample 
Solariorbis subangulatus 1 1.2 0.2 Architectonica bellistriata 2 2.4 0.4 Turritella alveata 6 7.3 1.3 
· Turritella perdita jacksonensis 2 2.4 0.4 Bittium koeneni 12 15 2.7 Calyptraphorus stamineus 6 7.3 1.3 Hipponix pygmaeus 15 18 3.3 Capulus americanus 1 1.2 0.2 Calyptraea glandaria 2 2.4 0.4 Xenophora reclusa 1 1.2 0.2 Natica perm unda 5 6.1 1. 1 
Euspira jacksonensis 4 4.9 0.9 Agaronia media 7 8.5 1.5 
Bullata semen jacksonensis 1 1.2 0.2 
Paradrillia jacksonensis 2 2.4 0.4 Terebra jacksonensis 1 1.2 0.2 Pyramidella meyeri 1 1.2 0.2 
Acteon annectens 2 2.4 0.4 Mnestia meyeri 4 4.9 0.9 
Retusa jacksonensis 7 8.5 1.5 
Bivalvia 
Nucula spheniopsis 27 3.6 2.9 
Hilgardia multilineata 46 6.2 5.1 
. Glycymeris idonea 5 0.7 0.6 Glycymeris filosa 4 0.5 0.4 
Eburneopecten scintillatus 18 2.4 1.9 Gonimyrtea curta 166 22 18 
Gonimyrtea subcurta 54 . 7.3 5.9 
Venericardia diversidentata 17 2.3 1.9 
Astarte pretriangulata 1 0.1 0.1 
Bathytormus flexurus 2 0.3 0.2 
Spisula jacksonensis 107 14 12 
Tellina vaughani 14 1.9 1.5 
Tellina linifera 2 0.3 0.2 
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Table 19. (cont.) 
Pitar securiformis 213 29 24 
Callista annexa 3 0.4 . 0.3 
Corbula densata 6 0.8 0.7 
Corbula willistoni 32 4.3 3.5 
Caestocorbula wailesiana 22 2.9 2.4 
Verticordia cossmanni 2 0.3 0.2 
( 
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List of species: Moodys Branch Formation subsamp.!e 2~6 
# of % of %of 
specimens Class sample 
Gastropoda 
Architectonica ornata jacksonia 1 0.8 0.3 
Turritella alveata 5 3.9 , 1.4 
Turritella perdita jacksonensis 97 77 27 
Calyptraphorus stamineus 2 1.6 0.6 
Hipponix pygmaeus 14 11 3.8 
Calyptraea glandaria 1 0.8 0.3 
Natica permunda 3 2.4 0.8 
Agaronia media 1 0.8 0.3 
Pyramidella meyeri , 0.8 0.3 
Retusa jacksonensis 1 0.8 0.3 
Bivalvia 
Nucula spheniopsis 6 1.3 0.8 
Hilgardia multilineata 9 1.9 1.2 
Glycymeris idonea 11 2.3 1.5 
Glycymeris filosa 2 0.4 0.3 
Eburneopecten scintiUatus 7 1.5 1 
Gonimyrtea curta 50 11 6.9 
Gonimyrtea subcurta 18 3.8 2.5 
Pleuromeris inflatior jacksonensis 5 1 0.7 
Venericardia diversidentata 30 6.3 4.1 
Astarte pretriangulata 4 0.8 0.6 
Bathytormus flexurus 3 0.6 0.4 
Spisula jacksonensis 16 3.4 2.2 
Tellina vaughani 15 3.1 2.1 
Pitar securiformis 246 52 34 
Callista annexa 4 0.8 0.6 
Corbula densata 9 1.9 1.2 
Corbula will istoni · 21 . 4.4 2.9 
Caestocorbula wailesiana 20 4.2 2.7 
Mis. species E 1 0.2 0.1 
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List of species: Red Bluff Formation subsample 38-0 
# of %of . % of 
Gastropoda 
specimens Class sample 
Vitrinella laevis 2 6.4 0.5 Turritella rubricollis 1 3.2 0.2 Turritella T .. premimetes 3 9.7 0.7 Natica species 13 42 3.2 Tritiaria falsus 2 6.4 0.5 Tritiaria macilenta 4 13 1 Tritiaria scapulistriata 1 3.2 0.2 Pleuroliria tenuis 1 3.2 0.2 Tropisurcula caseyi 2 6.4 0.5 Phandella transemma 1 3.2 0.2 Eulimella clearyensis 1 3.2 0.2 
Bivalvia 
Nucula vicksbUrgensis 2 0.3 0.2 Brevinucula pseudopunctata 1 0.1 0.1 Yoldia clydoniona 10 1.3 1.2 Barbatia paradiagona 1 0.1 0.1 Scapharca invidiosa 103 14 13 Glycymeris intercostata 1 0.1 0.1 Eburneopecten subminutus 8 1 1 Spondylus dumosus 1 0.1 0.1 Dimya rufaripa 7 0.9 0.9 Lopha vicksburgensis 1 0.1 0.1 Myrtea scopularis 8 1 1 Astarte triangulata 88 12 11 Pitar aldrichi 2 0.3 0.2 Corbula rufaripa 517 68 63 Spheniopsis m ississippiensis 1 0.1 0.1 Verticordia dalliana 4 0.5 0.2 Haliris guadrangularis 3 0.4 0.4 
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List of species: Red Bluff Formation subsample 38-1 
# of % of % of 
Gastropoda specimens Class sample 
Teinostoma verrilli 1 0.9 0.2 · Turritella T. premimetes 67 60 12 Turritella caseyi 1 0.9 0.2 Natica species 10 2.7 0.5 Tritiaria falsus 4 8.9 1.7 Tritiaria macilenta 5 3.9 0.7 Coronia ancilla 4 4.5 0.9 Agatrix niississippiensis 3 3.6 0.7 Pleurofusia oblivia 1 0.9 0.2 Pleurofusia fessa 2 1.8 0.3 Tropisurcula caseyi 4 3.6 0.7 Cochlespira cookei rubracollis 1 0.9 0.2 Microdrillia vicksbu rgella 1 0.9 0.2 Microdrillia brevis allo 4 3.6 0.7 Bathytoma rhomboidea 2 1.8 0.3 Phandella transemma 2 1.8 0.3 
Bivalvia 
Nucula vicksburgensis 2 0.2 0.2 Yoldia clydoniona 14 1.5 l.2 Scapharca invidiosa 40 4.3 3.4 Eburneopecten subminutus 3 0.3 0.3 Myrtea scopularis 17 1.8 1.5 Astarte triangulata 43 4.6 3.7 Kelliella rufaripa 3 0.3 0.3 Corbula engonata 1 0.1 0.1 Corbula rufaripa 813 87 70 Verticordia dalliana 1 0.1 0.1 Haliris quadrangularis 1 0.1 0.1 Mis species F 1 0.1 0.1 
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. Table 23. 
List of species: Red Bluff Formation subsample 38-2 
# of % of %of · 
Gastropoda 
specimens Class sample 
Vitrinella laevis 3 5.8 0.5 
Turritella T. premimetes 13 25 1.9 
Turritella caseyi 11 21 1.6 
Melanella species 1 1.9 0.2 
Natica species 7 14 1 
Tritiaria macilenta 4 7.7 0.6 
Coronia ancilla 1 1.9 0.2 ' ,1, 
Latirus species 1 1.9 0.2 \ 
Pleurofusia oblivia 2 3.8 0.3 
Pleurofusia fessa 1 1.9 0.2 
Tropisurcula caseyi 3 5.8 0.4 ii Bathytoma rhomboidea 1 1.9 0.2 
Ringicula mississippiensis petila 3 5.8 0.4 
Mis species G 1 1.9 0.2 
Bivalvia 
Yoldia clydoniona 24 1.9 1.8 
Scapharca invidiosa 29 2.3 2.2 
Eburneopecten subminutus 18 1.5 1.3 Ii 
I Myrtea scopularis 14 1.1 1 . \1 
Chama pappiladerma 1 0.1 0.1 
Astarte triangulata 40 3.2 2.9 d, 
Nemocardium eocenense 2 0.2 0.2 
Corbula engonata 1 0.1 0.1 
Corbula rufaripa 1109 45 83 
Verticordia dalliana 2 0.2 0.2 
Haliris guadrangularis 1 0.1 0.1 
APPENDIX X 




Drilling Frequencies: Moodys Branch Formation subsample 1-0 
# of # of specimens drilling 
specimens with complete frequencies . 
drillholes 
Gastropoda 
Solariorbis subangulatus 1 0 0 
Architectonica bellistriata 1 0 0 
Turritella alveata 7 2 0.2857 
Turritella perdita jacksonensis 2 0 0 
Bittium koeneni 22 4 0.1818 
Calyptraphorus stamineus 19 0 0 
Hipponix pygmaeus ,, 17 4 0.2353 
Capulus americanus 1 1 1 
Natica perm unda 4 0 0 
Euspira jacksonensis 3 0 0 
Agaronia media 7 0 0 
Bullata semen jacksonensis 1 0 0 
Conomitra jacksonensis 1 0 0 
Paradrillia jacksonensis 2 1 0.5 
Terebra jacksonensis 3 0 0 
Acteon annectens 1 0 . 0 
Retusa jacksonensis 7 1 0.1429 
Total 99 13 0.1313 
Bivalvia 
Nucula spheniopsis 19 2 0.2105 
Hilgardia multilineata 51 1 0.0392 
Glycymeris filosa 1 0 0 
Eburneopecten scintillatus 26 2 0.1538 
Gonimyrtea curta 101 8 0.1584 
Gonimyrtea subcurta 85 67 1.5765 
Venericardia diversidentata 10 0 0 
Astarte pretriangulata 2 0 0 
Spisula jacksonensis 97 3 0.0619 
Tellina vaughani 23 2 0.1739 . 
Pitar securiformis 334 14 0.0838 
Callista annexa 4 0 0 
Corbula densata 5 0 0 
100 
Table 24. (cont.) 
Corbula willistoni 31 1 0.0645 Caestocorbula wailesiana 9 0 0 Mis. species A 1 0 0 Mis. species B 2 0 0 Total 801 100 0.2497 
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Drilling Frequencies: Moodys Branch Formation subsample 1-3 
# of # of specimens drilling 
specimens with complete frequencies 
drillholes 
Gastropoda 
Solariorbis subangulatus 2 0 0 
Architectonica bellistriata 1 0 0 
Turritella alveata 4 2 0.5 
Turritella rivurbana 1 1 1 
Bittium koeneni 22 2 0.0909 
Calyptraphorus stamineus 11 2 0.1818 
Hipponix pygmaeus 16 2 0.125 
Capulus americanus 1 0 0 
Calyptraea aperta 2 0 0 
Natica permunda 
.5 1 0.2 
Euspira jacksonensis 3 0 0 
Tritonoatractus pearlensis 3 0 0 
Agaronia media 12 0 0 
Bullata semen jacksonensis 3 0 0 
Sinisfrella americana 3 0 0 
Pleurofusia fluctuosa 1 1 1 
Paradrillia jacksonensis 1 0 0 
Terebra jacksonensis 7 0 0 
Pyramidella meyeri 2 0 0 
Acteon annectens 3 0 0 
Mnestia meyeri 2 0 0 
Retusa jacksonensis 1 0 0 
Total 106 11 0.1038 
Bivalvia 
Nucula spheniopsis 43 2 0.093 
Hilgardia multilineata 86 4 0.093 
Glycymeris idonea 1 0 0 
Chlamys nupera 1 1 2 
Eburneopecten scintillatus 49 3 0.1224 
Gonimyrtea curta 125 7 0.112 
Gonimyrtea ·subcurta 146 22 0.3014 
Venericardia diversidentata 13 0 0 
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Table 25. (cont.} 
Astarte pretriangulata 1 0 0 
Nemocardium nicolletti 2 0 0 
Spisula jacksonensis 100 2 0.04 
Tellina vaughani 14 1 0.1429 
Tellina linifera 1 . 13 26 
Pitar securiformis 307 1 0.0065 
Corbula densata 25 0 0 
Corbula willistoni 1 2 4 
Caestocorbula wailesiana 21 0 0 
Mis. species C 1 0 0 
Mis. species D 3 0 0 
Total 940 58 0.1234 
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Drilling Frequencies: Moodys Branch Formation subsample 1-6 
# of # of specimens drilling 
specimens with complete frequencies 
drillholes 
Gastropoda 
Architectonica bellistriata 1 0 0 
Turritella alveata 6 0 0 
Turritella perdita jacksonensis 10 5 0.5 
Bittium koeneni 12 3 0.25 
Melanella jacksonensis · 2 0 0 
Calyptraphorus stamineus 6 0 0 
Hipponix pygmaeus 20 4 0.2 
Calyptraea glandaria 2 0 0 
Natica permunda 14 1 0.0714 
Euspira jacksonensis 5 1 0.2 
Tritonoatractus pearlensis 1 0 0 
Agaronia media 6 0 0 
Paradrillia jacksonensis 2 0 0 
Terebra jacksoriensis 2 0 0 
Pyramidella meyeri 1 1 1 
. Mnestia meyeri 3 0 0 
Retusa jacksonensis 3 0 0 
Total 96 15 0.1563 
Bivalvia 
Nucula spheniopsis 27 1 0.0741 
Hilgardia multilineata 45 0 0 
Glycymeris idonea 2 0 0 
Glycymeris filosa 2 0 0 
Pteria limula vanwinkleae 1 0 0 
Chlamys nupera 2 0 0 
Eburneopecten scintillatus 29 0 0 
Gonimyrtea curta 176 15 0.1705 
Gonimyrtea subcurta 58 10 0.3448 
Venericardia diversidentata 12 0 0 
Astarte pretriangulata 5 0 0 
Spisula jacksonensis 74 4 0.1081 
Tellina eburneopsis 1 0 0 
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Table 26. (cont.) 
Tellina vaughani 15 0 0 
Pitar securiformis 203 11 0.1084 
Corbula densata 38 4 0.2105 
Caestocorbula wailesiana 22 1 0.0909 
Verticordia cossmanni 2 0 0 
Total 714 46 0.1289 
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Drilling Frequencies: Moodys Branch Formation subsample 2-0 
-
# of # of specimens drilling 
specimens with complete frequencies 
driliholes 
Gastropoda 
Solariorbis. subangulatus 4 0 0 
Solariella cancellata jacksonia 2 0 0 
Turritella alveata 3 1 0.3333 
Turtle perdita jacksonensis 7 1 0.1429 
Bittium koeneni 19 5 0.2632 
Calyptraphorus stamineus 8 1 0.125 
"\ ~· . Hipponix pygmaeus 13 3 0.2308 ' 
Calyptraea aperta 1 0 0 
Natica permunda 1 0 0 
Euspira jacksonensis 6 0 0 
Sinum jacksonense 1 0 0 
Tritiaria jacksonensis 1 0 0 
Tritonoatractus pearlensis 4 1 0.25 
Agaronia media 4 1 0.25 
Bullata semen jacksonensis 2 0 0 
Sinistrella americana 1 0 0 
Pyramidella meyeri 1 0 0 
Mnestia meyeri 1 0 0 
Retusa jacksonensis 4 1 0.25 
Total 83 14 0.1687 
Bivalvia 
Nucula spheniopsis 30 1 0.0667 
Hilgardia multilineata 39 1 0.0513 
Barbatia aspera 2 0 0 
Glycymeris idonea 1 0 0 
Glycymeris filosa 1 0 0 
Eburneopecten scintillatus 39 0 0 
Chlamys nupera 1 . 0 0 
Gonimyrtea curta 147 19 0.2585 
Gonimyrtea subcurta 62 8 0.2581 
Venericardia diversidentata 4 0 0 
Astarte pretriangulata 1 0 0 
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Table 27. (cont.) 





















































Drilling Frequencies: Moodys Branch Formation subsample 2-3 
# of # of specimens drilling 
specimens with complete frequencies 
drillholes 
Gastropoda 
Solariorbis subangulatus 1 0 0 
Architectonica bellistriata 2 0 0 
lurritella alveata 6 0 0 
Turritella perdita jacksonensis 2 2 1 
Bittium koeneni 12 1 0.0833 
Calyptraphorus stamineus 6 0 0 
Hipponix pygmaeus 15 2 0.1333 
Capulus americanus 1 1 1 
Calyptraea glandaria 2 1 0.5 
Xenophora reclusa 1 0 0 
Natica perm unda 5 2 0.4 
Euspira jacksonensis 4 l 0.25 
Agaronia media 7 0 0 
Bullata semen jacksonensis 1 0 0 
Paradrillia jacksonensis 2 1 0.5 
Terebra jacksonensis 1 1 1 
. Pyramidella meyeri 1 1 1 
Acteon annectens 2 0 0 
Mnestia meyeri 4 2 0.5 
Retusa jacksonensis 7 0 0 
Total 82 15 0.1829 
Bivalvia 
Nucula spheniopsis 27 1 0.0741 
Hilgardia multilineata 46 1 0.0435 
Glycymeris idonea 5 0 0 
Glycymeris -filosa 4 0 0 
Eburneopecten scintillatus 18 0 0 
Gonimyrtea curta 166 18 0.2169 
Gonimyrtea subcurta 54 4 0.1481 
Venericardia diversidentata 17 0 0 
Astarte pretriangulata 1 0 0 
Bathytormus flexurus 2 0 0 
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Table 28. (cont.) 
SpiSula jacksonensis 107 8 0.1495 
Tellina vaughani 14 1 0.1429 
Tellina linifera 2 0 0 
Pitar securiformis 213 6 0.0563 
Callista annexa 3 0 0 
Corbula densata 6 1 0.3333 
Corbula willistoni 32 1 0.0625 
Caestocorbula wailesiana 22 1 0.0909 
Verticordia cossmanni 2 1 1 
Total 741 - 43 0.1161 
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Drilling Frequencies: Moodys Branch Formation subsample 2-6 
# of # of specimens drilling 
specimens with complete frequencies 
drillholes 
Gastropoda 
Architectonica ornata jacksonia 1 1 1 
Turritella alveata 5 0 0 
Turritella perdita jacksonensis 97 11 0.1134 
Calyptraphorus stamineus 2 0 0 
Hipponix pygmaeus 14 . 1 0.0714 
Calyptraea glandaria 1 0 0 
Natica permunda 3 0 0 
. Agaronia media 1 0 0 
Pyramidella meyeri 1 0 0 
Retusa jacksonensis 1 0 0 
Total 126 13 0.1032 
Bivalvia 
Nucula spheniopsis 6 0 0 
Hilgardia multilineata 9 0 0 
Glycymeris idonea 11 0 0 
Glycymeris filosa 2 0 0 
Eburneopecten scintillatus 7 0 0 
Gonimyrtea curta 50 2 0.08 
Gonimyrtea subcurta 18 1 0. 1111 
Pleuromeris inflatior jacksonensi 5 1 0.4 
Venericardia diversidentata 30 2 0.1333 
Astarte pretriangulata 4 2 1 
Bathytormus flexurus 3 0 0 
Spisula jacksonensis 16 0 0 
Tellina vaughani 15 1 0.1333 
Pitar securiformis 246 6 0.0488 
Callista annexa 4 0 0 
Corbula densata 9 0 0 
Corbula willistoni 21 1 0.0952 
Caestocorbula wailesiana 20 1 0.1 
Mis. species E 1 0 0 
Total 477 17 0.0713 
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Drilling Frequencies: Red Bluff Formation subsample 38-0 
. # of # of specimens drilling 
specimens with compiete frequencies 
drill holes 
Gastropoda 
Vitrinella laevis 2 0 0 
Turritella rubricollis 1 0 0 
Turritella T. premimetes 3 1 0.3333 
Natica species 13 0 0 
Tritiaria falsus 2 0 0 
Tritiaria macilenta 4 0 0 
Tritiaria scapulistriata 1 0 0 
Pleuroliria tenuis 1 0 0 
Tropisurcula caseyi 2 1 0.5 
f:>handella transemma 1 0 0 
Eulimella clearyensis 1 0 0 
Total 31 2 0.0645 
Bivalvia 
Nucula vicksburgensis 2 0 0 
Brevinucula pseudopunctata 1 0 0 
Yoldia clydoniona 10 0 0 
Barbatia paradiagona 1 0 0 
Scapharca invidiosa 103 4 0.0777 
Glycymeris intercostata 1 0 0 
Eburneopecten subminutus 8 0 0 
Spondylus dumosus 1 . o 0 
Dimya rufaripa 7 0 0 
Lopha vicksburgensis 1 0 0 
Myrtea scopularis 8 0 0 
Astarte triangulata 88 5 0.1136 
Pitar aldrichi 2 0 0 
Corbu!a rufaripa 517 57 0.2205 
Spheniopsis m ississippiensis 1 0 0 
Verticordia dalliana 4 0 0 
Haliris quadrangularis 3 0 0 
Total 758 66 0.1741 
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Drilling Frequencies: Red Bluff Formation subsample 38-1 
# of # of specimens drilling 
specimens with complete frequencies 
drillholes 
Gastropoda 
Teinostoma verrilli 1 0 0 
. Turritella T. premimetes 67 18 0.2687 
Turritella caseyi 1 0 0 
Natica species 10 0 0 
Tritiaria falsus 4 0 0 
Tritiaria macilenta 5 1 0.2 
Coronia ancilla 4 0 0 
Agatrix mississippiensis 3 1 0.3333 
Pleurofusia oblivia 1 0 0 
Pleurofusia fessa 2 0 0 
Tropisurcula caseyi 4 1 0.25 
Cochlespira cookei rubracollis 1 0 0 
Microdrillia vicksburgella 1 1 1 
Microdrillia brevis allo 4 0 0 
Bathytoma rhomboidea . 2 0 0 
Phandella transemma 2 0 0 
Total 112 22 0.1964 
Bivalvia 
Nucula vicksburgensis 2 0 0 
Yoldia clydoniona 14 0 0 
Scapharca invidiosa 40 5 0.25 
Eburneopecten subminutus 3 0 0 
Myrtea scopularis 17 0 0 
Astarte triangulata 43 4 0.186 
Kelliella rufaripa 3 1 0.6667 
Corbula engonata 1 1 2 
Corbula rufaripa 813 67 0.1648 
Verticordia dalliana 1 0 0 
Haliris q_uadrangularis 1 0 0 
Mis species F 1 0 0 
Total 939 78 0.1661 
APPENDIX XVIII 




Drilling Frequencies: Red Bluff Formation subsample 38-2 
# of # of specimens drilling 
specimens with complete frequencies . 
drillholes 
Gastropoda 
Vitrinella laevis 3 1 0.3333 
Turritella T. premimetes 13 1 0.0769 
Turritella caseyi 11 3 0.2727 
Melanella species 1 1 1 
Natica species 7 0 0 
Tritiaria macilenta 4 0 0 
Coronia ancilla 1 0 0 
Latirus species 1 1 1 
Pleurofusia oblivia 2 0 0 
Pleurofusia fessa 1 0 0 
Tropisurcula caseyi 3 0 0 
Bathytoma rhomboidea 1 0 0 
Ringicula mississippiensis petila 3 0 0 
Mis species G 1 1 1 
Total 52 8 0.1538 
Bivalvia 
Yoldia clydoniona 24 0 0 
Scapharca invidiosa · 29 2 0.1379 
Eburneopecten subrninutus 18 0 0 
Myrtea scopularis 14 0 0 
Chama pappiladerma 1 0 0 
Astarte triangulata 40 6 0.3 
Nemocardium eocenense 2 0 0 
Corbula engonata 1 0 0 
Corbula rufaripa 1109 123 0.2218 
Verticordia dalliana 2 0 0 
Haliris quadrangularis 1 0 0 
Total 1241 131 0.2111 
APPENDIX XIX 
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Table 33. 
Gastro2od measurements: Mood:ts Branch Formation subsam(21e 1-0 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Solariorbis subangulatus 0.24 1.12 1.87 0.88 0.97 0.24 0.26 0.02 0.04 
Architectonica bellistriata 0.66 1.6 2.65 0.94 0.99 0.16 0.32 0.12 0.18 
Turritella alveata 3.32 4.22 1.79 0.9 0.83 0.17 0.21 0.06 0.29 
4.25 0.35 0.38 0.1 0.2 
3.78 0.24 0.27 0.09 0.22 
4.03 0.16 0.23 0.05 0.13 
5.66 6.36 2.38 0.7 1.22 0.23 0.27 0.11 0.22 
4.59 5.02 2.18 0.43 1.17 0.27 0.32 0.09 0.23 _. I\) 
3.46 3.94 1.55 0.48 0.97 0.16 0.24 0.06 0.2 I\) 
Turritella perdita jacksonensis 2.31 2.76 .1.02 0.45 0.65 0.02 0.08 
2.46 2.85 1.07 0.39 0.58 0.04 0.09 
Bittium koeneni 2.24 2.83 1.04 0.59 0.56 0.07 0.15 
2.86 3.38 1.09 0.52 0.62 .0.09 0.13 
2.5 3.01 1.11 0.51 0.58 0.15 0.15 
2.24 2.82 0.99 0.58 0.56 0.07 0.16 
2.25 2.62 1 0.37 0.58 0.07 0.15 
2.11 2.71 0.98 0.6 0.06 0.13 
2.22 2.71 0.93 0.49 0.42 0.08 0.17 
1.87 2.45 0.97 0.58 0.52 0.08 0.14 
1.89 2.34 0.99 0.45 0.58 0.1 0.13 
1.69 2.2 0.94 0.51 0.54 0.13 0.15 
Species SH H w ApHt ApWd Sh Th HtCos WdC . Wdlnt 
Calyptraphorus stamineus only apex was found 
only apex was found 
only apex was found 
only apex was found 
only apex was found 
7.27 13.92 5.86 6.65 2.27 0.29 0.46 0.22 0.35 
8.71 13.21 6.08 4.5 2.82 0.66 0.76 0.16 0.35 
5.13 6.98 . 3.32 1.85 1.28 0.32 0.44 0.19 0.27 
0.25 0.32 0.12 0.34 
2.7 4.59 2.22 1.89 1.08 0.09 0.11 0.15 0.31 
Hipponix pygmaeus 6.28 3.22 0.21 0.23 . 0.09 0.03 .J. I\) 0.99 2.76 0.17 0.21 0.05 0.1 w 
1.03 2.58 0.12 0.13 . 0.07 0.03 
1.01 2.13 0.13 0.15 0.04 0:02 
0.9 2.09 0.13 0.18 0.06 0.04 
1.1 1.96 0;16 0.19 0.11 0.03 
1.13 2.07 0.17 0.2 0.08 0.02 
0.63 1.93 0.14 0.17 n.os 0.02 
0.83 1.98 0.14 0.18 0.04 0.02 
0.8 2.02 0.1 0.12 0.02 0.12 
Capulus americanus 1.75 3.32 0.15 
Natica permunda 0.79 3.69 3.3 2.9 2.12 0.22 
2.84 0.16 
0.19 1.24 1.39 1.05 0.64 0.19 
Species SH H w ApHt ApWd · ShTh HtCos WdC Wdlnt 
0.39 1.44 1.45 1.05 0.8 0.16 
Euspira jacksonensis 0.47 2.44 2.45 1.97 1.25 0.15 
0.13 1.34 1.61 1.21 0.89 0.23 
0.14 1.12 1.38 0.98 0.67 0.11 
Agaronia media only apex was found 
only apex was found 
only apex was found 
only apex was found 
· only apex was found 
2.23 5.62 2.64 3.39 1.04 0.31 
0.84 2.53 .1.34 1.69 0.72 0.21 _., 
I\) 
~ 
Bullata semen jacksonensis 0.58 5.17 2.9 4.59 0.64 0.27 
Conomitra jacksonensis 2.54 6.43 3.18 3.89 0.78 0.29 0.37 0.23 0.12 
Paradrillia jacksonensis 1.75 5.15 2.25 3.4 1.03 0.22 0.28 0.22 0.16 
1.19 3.65 1.57 2.46 0.86 0.23 0.28 0.18 0.18 
Terebra jacksonensis 0.11 0.42 
6.28 8.79 2.69 . 2.51 1.02 0.36 0.3'9 0.12 . 0.22 
10.39 2.71 0.41 0.43 0.13 0.3 
Acteon annectens 0.64 3 1.78 2.36 0.71 0.2 0.23 0.1 0.03 
Aetusa jacksonensis 3.28 1.63 3.28 0.79 0.23 
Species SH H w 
3.24 7.37 





ApHt ApWd ShTh HtCos WdC Wdlnt 
3.24 0.45 . 0.15 
3.43 0.63 0.19 






Species TA AL V s u sm f C vc 
Solariorbis subangulatus no no no no yes X 
Architectonica bellistriata no no no no yes X 
. Turritella alveata no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
...... 
I\) Turritella perdita jacksonensis m no no no no no X 
no no no no 110 X 
Blttium koeneni no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraphorus stamineus no yes no no no X 
Species TA AL V s u sm f C VC 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
H ipponix pygmaeus no no no no no X 
no no no no no X 
_.. no no no no no X I\) 
......., no no no no no X 
no no · no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Capulus americanus 
Natica permunda no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
Species TA AL V s u sm f C vc Euspira jacksonensis no no no no yes X 
no no no no yes X 
no no no no yes X 
Agaronia media no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Bullata semen jacksonensis yes yes no no no X . _.. 
f\) 
()) 
Conomitra jacksonensis yes yes no no no X 
Paradrillia jacksonensis no no no no no X 
no no no no no X 
T erebra jacksonensis no no no no no X 
no no no no no X 
no no no no no X 
Actebn annectens no no no no no X 
Retusa jacksonensis no no no no no X 
no no no no no X 














X X X X X X 
0 0 0 0 0 0 
C C: C C: C: C: 
0 0 0 0 0 0 
C C: C C: C: C: 
0 0 0 0 0 0 
C C: C: C C: C: 
0 0 0 0 0 0 
C C: C C: C: C: 
0 0 0 C 0 0 
C: C: C: C: C: C: 
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Table 34. 
GastroQod measurements: Mood~s Branch Fromation subsamQle 1-3 . 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Solariorbis subangulatus 0.3 1.12 1.9 0.82 1.1 0.21 
0.05 0.88 0.83 0.85 0.11 
Architectonica bellistrata 0.19 0.26 0.17 0.32 
Turritella alveata 11 : 1 3:37 0.52 0.79 0.17 0.13 
7.72 2.11 0.36 0.52 0.08 0.13 
3.38 1.23 0.26 0.34 0.06 o.oi 
1.83 2.63 1.18 0.8 0.85 0.22 0.36 0.08 0.09 
_. 
Turritella rivurbana 2.03 2.5 0.96 0.47 0.49 0.13 0.19 0.03 0.09 w ~ 
Bittium l<oeneni 2.05 2.62 1.09 0.57 0.51 0.05 0.15 
2.07 2.92 1.13 0.85 0.5 0.06 0.14 
2.08 2.81 1.09 0.73 0.54 0.05 0.11 
2.26 2.95 1.1 0.69 0.83 0.09 0.12 
2.38 3.22 1.1 0.84 0.53 0.08 0.15 
2.03 2.95 1.14 0.92 0.45 0.06 0.14 
2.35 3.41 1.03 1.06 0.57 0.1 0.16 
1.97 2.69 0.99 0.72 0.59 0.09 0.16 
2 2.67 1.1 0:67 0.65 0.09 0.14 
1.76 . 2.67 1.06 0.91 0.56 0.1 0.15 
Calyptraphorus stamineus only apex was found 
0.28 0.39 0.16 0.49 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
0.37 0.45 0.15 0.48 
0.16 0.22 0.13 0.3 
0.23 
0.15 0.25 0.05 0.15 
0.29 . 0.37 0.09 0.24 
2.57 3.77 1.97 1.2 0.86 0.16 0.27 0.09 0.19 
1.3 2.83 1.62 1.53 0.78 0.06 0.11 0.07 0.15 
1.37 2.61 1.24 1.62 1.04 0.24 0.27 0.05 0.06 
Hipponix pygmaeus 1.07 2.37 . 0.14 0.16 0.05 0.1 
1.04 2.01 0.19 0.25 0.03 0.05 
0.8 1.28 0.16 0.19 0.07 0.03 
-4 1.15 2.3 0.15 0.17 0.05 0.03 w 
N 0.92 2.3 0.18 0;2 0.04 0.09 
0.9 1.95 0.14 0.19 0.03 0.02. 
0.85 2.48 0.17 0.21 0.08 0.06 
0.85 1.98 0.12 0.18 0.05 0.04 
1.02 20.9 0.14 0.2 ·0.05 0.08 0.97 20.7 0.14 0.17 · 0;04 0.02 
Capulus americanus 1.72 3.61 0.17 0.25 0.1 0.18 
Calyptraea aperta 3.01 7.34 0.32 
2.19 0.23 
Natica permunda 1.25 6.82 6.78 5,57 3.02 0.35 
0.59 2.38 2.41 1.79 0.92 0.12 
0.32 1.93 2.14 1.61 1.17 0.13 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
0.32 1.73 1.73 1.41 0.8 0.19 
0.3 1.65 1.77 1.35 0.89 0.15 
Euspira jacksonensis 0.96 3.79 3.55 2.83 1.58 0.21 
0.27 1.55 1.54 1.28 0.66 0.12 
0.26 1.52 1.53 1.26 
Tritonoatractus pearlensis 5.65 11.93 6.39 6.28 3.17 0.52 0.74 0.29 0.5 
2.64 5.71 3.92 3.07 1.6 0.25 0.31 0.2 0.25 
2.37 6.17 4.13 3.8 1.22 0.45 0.63 0.09 0.26 
Agoronia media only apex was found 
only apex was found _. 
(,.) 
only apex was found (,.) 
3.04 7.06 3.17 4.02 1.02 0.36 
1.83 . 5.11 2.48 3.28 1.04 0.25 
1.5 4.24 . 2.19 2.74 0.85 0.21 
3.07 7.3 3.04 4.23 1.06 0.32 
3.32 7.08 2.9 3.76 1.15 0.25 · 
4.41 6.75 2.73 2.34 0.87 0.43 
0.88 2.75 1.4 1.87 0.62 0.13 
Bullata semem jacksonensis 0.64 6.64 4.16 6 · 1.3 0.34 
0.32 4.52 2.96 4.2 0.48 0.5 
0.31 2.2 1.31 1.89 0.52 0.16 
Sinistrella americana 
0.28 0.37 0.12 0.17 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
0.24 0.38 0.25 0.19 
3.85 5.72 2.2 1.87 1.04 0.3 . 0.43 0.18 0.17 
Pleurofusia fluctuosa 3.8 6.87 2.9 3.07 0.96 0.39 0 .. 51 0.16 0.25 
Paradrillia jacksonensis 3.2 4.83 1.97 1.63 0.77 0.32 0.41 0.17 0.25 
Terebra jacksonensis 9.29 11.87 3.16 2.58 1.21 0.26 0.33 0.11 0.48 
7.32 8.99 2.73 1.67 1.02 0.39 0.45 0.1 0.2 
0.2 0.24 0.09 0.27 
0.28 0.33 0.06 0.24 
0.27 0.36 0.08 0.28 
0.25 0.11 0.15 _.... 
0.24 0.35 0.11 (,J 0.24 ~ 
Pyramidella meyeri 2.43 3.01 0.89 0.58 ·0.55 0.11 
1.72 2.35 0.85 · 0.63 0.53 0.12 
Acteon annectens 1.51 5.79 3.24 4.28 1.21 0.21' 0.33 0.1 0.12 
1.04 3.86 2.21 2.82 0.99 0.23 0.32 0.1 0.07 
0.27 1.9 1.25 1.63 0.47 0.15 0.23 0.03 0.05 
Mnestis meyeri 4.61 1.93 4.61 0.87 0.22 
2.89 1.51 2.89 0.81 0.17 
. Retusa jacksonensis 2.37 2.37 
Species TA RL V s u sm f. C vc 
Solariorbis subangulatus no no no no yes . X 
no no no no yes X 
Architectonica bellistrata no no no no yes X 
Turrltella alveata no no no no no X 
no no no · no no X 
no no no no . no X 
no no no no no X 
Turritella rivurbana no no no no no X 
-I. 
w Bittium koeneni Ol no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraphorus stamineus 
no yes no no no X 
no yes no no no X 
no yes no no no X 
Species TA AL V s u sm f C vc 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
Hipponix pygmaeus no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
...... no no no no no X (,..) 
no no no no no X 
0) 
no no no no no X 
no no no no no X 
no no no no no X 
Capulus americanus no no no no no X 
Calyptraea aperta no no no no no X 
no no no no no X 
-
Natica permunda no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
Species TA AL V s u sm f C vc 
Euspira jacksonensis no no no no yes X 
no no no no yes X 
no no no no yes X 
Tritonoatractus pearlensis yes no yes no no X 
yes no yes no no X 
yes no yes no no X 
Agoronia media no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
-A 
u) 
no no no no no X """ 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Bullata semem jacksonensis yes yes no no no X 
yes yes no no no X 
yes yes no no no X 
Sinistrella americana 
no no no no no X 
no no no no no X 
no no no no no X 
Species TA RL V s u sm f C VC 
no no no no no X 
no no no no no X 
Pleurofusia fluctuosa no yes yes no no X 
Paradrillia jacksonensis no no no no no X 
Terebra jacksonensis no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X ~ 
(,.) no no no no no X (X) 
Pyramidella meyeri no no no · no no X 
no no no no · no X 
Acteon annectens no no no no no X 
no no no no no )( 
no no no no no X 
. 
Mnestis meyeri no no no no no X 
no no no no no X 
Retusa jacksonensis no no no no no X 
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Gastro12od measurements: Mood~s Branch Formation subsam12le 1-6 
SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Architectonica bellistrata 3;57 0.24 0.32 0.16 0.28 
Turritella alveata 4.44 1.81 0.2 0.23 0.05 0.11 
0.05 0.16 
0.28 0.36 0.06 0.17 
0.33 0.43 0.07 0.15 
0.04 0.1 
3.29 4.12 1.59 0.83 0.95 0.17 0.23 . 0.04 0.16 
2.64 1.16 0.04 0:01 
-4 
Turritella perdita jacksonensis 12.21 15.54 5.91 3.33 · 3.85 0.2 0.27 0.05 0.19 .f.,. 0 
14.51 17.39 6.43 2.88 4.05 0.2 0.31 0.08 0.12 
3.86 4.87 2.16 1.01 1.32 13 0.18 0.09 0.2 




1.91 2.47 1.13 0.56 0.66 0.03 0.16 
2.13 2.7 1.4 0.57 0.86 0.05 0.11 
2.12 2.52 1.12 0.4 0.6 0.04 0.13 
Bittium koeneni 2.49 3.05 1.19 0.96 0.69 
.0.07 0.15 
3.37 3.92 1.32 0'.55 0.71 0:09 0.13 
3.02 3.67 1.32 0:65 0.61 0.06 0.15 
2.99 3.42 1.23 0.43 0.64 0.07 0.15 
Species SH H w . ApHt ApWd ShTh HtCos WdC Wdlnt 
2.5 2.98 1.2 0.48 0.6 0.07 0.15 
2.53 3.01 1.03 0.48 0.61 0.07 0.17 
2.27 2.73 0.96 0.46 0.62 0.1 0.15 
1.95 2.39 1.06 0.44 0.69 0.07 0.15 
1.95 2.23 0.75 0.28 0.43 0.07 0.15 
1.97 2.45 0.9 0.48 0.55 0.11 0.15 
Melanella jacksonensis 4.03 7.26 1.53 3.23 0.58 0.12 
3.4 5.06 1.2s · 1.66 0.58 0.13 
Calyptraphorus stamineus only apex was found 
only apex was found 
only apex was found ..... 
.l>,. 
2.4 3.74 2.07 1.34 1.11 0.24 ..... 
1.26 1.7 1.14 0.44 0.62 0.12 
6.4 8.37 4.02 1.97 2.21 0.54 
Hipponix pygmaeus 1.27 2.46 0.15 0.19 0.06 0.06 
1.19 2.48 0.16 0.19 0.02 0.09 
1 1.95 0.18 
1.22 2.36 0.13 0.15 0.04 0.05 
1.03 2.25 0.12 · 0.17 0.07 0.06 
1.08 2.33 0.13 0.15 0.04 0.05 
1.01 2.07 0.13 0.15 0.05 0.03 
1.16 1.77 0.14 0.18 0.04 0.09 
0.97 2.03 0.17 0.2 0.07 0.03 
1.02 1.83 0.14 0.17 0.06 0.03 · 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Calyptraea glandaria 1.75 4.52 0.12 
1.42 2.68 0.08 
Natica permunda 0.57 2.8 2.71 2.23 1.6 0.16 
0.6 2.3 2.29 1.7 1.29 0.22 
0.5 1.97 ·1.67 1.47 1.21 0.11 
0.59 1.72 1.35 1.13 1.04 0.1 
0.32 1.85 1.54 1.53 0.97 0.09 
0.19 1.35 1.75 1.16 0.9 0.15 
0.17 1.41 1.24 
0.23 1.24 1.23 1.01 0.95 0.08 
0.17 1.04 1.09 0.87 0.79 0.1 · 
0.24 1.38 1.28 1.14 0.83 0.12 ..... 
.I). 
I\) 
Euspira jacksonensis 0.37 2.44 2.41 2.07 1.43 0.17 
0.23 1.42 1.65 1.19 0.99 0.09 
0.41 1.52 1.51 1.11 0.86 0.14 
0.15 · 1.31 1.53 1.16 0.99 0.07 
0.14 1.28 1.53 1.14 0.8 0.17 
Tritonoatractus pearlensis 1.89 2.47 1.73 0.58 1.25 0.29 0.4 0.08 0.15 
Agaronia media 3.51 7.72 3.05 4.21 0.93 0.34 
only apex was found 
only apex was found 
only apexwas found 
only apex was found 
1.98 4.6 2.05 2.62 1.02 0.19 
· Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Paradrillia jacksonensis 2.99 4.08 2.01 1.09 0.8 0.25 0.39 0.16 0.14 
2.5 3.16 1.57 0.66 0.63 0.2·; 0.37 0.1'3 0.14 
Terebra jacksonensis 0.06 0.34 
3.62 4.86 1.3 1.24 0.34 0.38 0.08 0.08 
Pyramidella meyeri 
Mnestia meyeri 2.36 1.02 2.36 0.07 
2.7 1.28 2.7 0.55 0.15 
2.43 1 2.43 0.1 
_. 
Retusa jacksonensis 2.43 1.56 2.43 
.s. . 
0.49 0.22 w 
2.21 . 1.01 2.21 0.07 
1.86 0.91 1.86 
Species TA AL V s u sm f C vc 
Architectonica bellistrata no no no no yes X 
Turritella alveata no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Turrltella perdita jacksonensis no no no , no no X 
I 
...... no no no no no X .t,. 
no no no no no X ~ 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Bittium koeneni no no no no no X 
no no no no no X 
no no no no no X . 
no no no no no X 
no no no no no X 
no no no no no X 
Species TA RL V s u sm f C vc 
no no no no no X 
no no no no . no X 
no no no no no X 
no no no no no X 
Melanella jacksonensis no no no no no X 
no no no no no X 
Calyptraphorus stamineus no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no ..... no X 
.l:>,. 
no yes no no no X 01 
Hipponix pygmaeus no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
· Calyptraea glandaria no no no no no X 
no no no no no X 
Species TA RL V s u sm f C vc 
Natica permunda no no no no yes X 
no no no no yes .X 
no no no · no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no .no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
...... Euspira jacksonensis no no no no yes X .t:,,.. 
0) 
no no no no yes X 
/ no no no no y~s X 
no no no no yes X 
no no no no yes X 
Tritonoatractus pearlensis no no no no no X 
Agaronia media no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Paradrillia jacksonensis no no no no no X 
Species TA AL V s u sm f C vc 
Paradrillia jacksonensis no no no no no X 
no no no no no X 
Terebra jacks6nensis no no no no no X 
no no no no no 
- X 
Pyramidella meyeri no no no no no X 
Mnestia meyeri no no no no no X 
no no no no no X 
no no no no no X 
~ Retusa jacksonensis ~ no no no no no X ....., 
no no no no no X 
no no no no no ·X 
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Table 36. 
GastroQod measurements: Moodls Branch Formation subsam~le 2-0 
Species SH H w ApHt ApWd ShTh HtCos WdC . Wdlnt 
Solariorbis subangulatus 0.21 1.33 2.39 1.12 1.16 0.16 
0.17 1.03 1.82 0.86 0.97 0.12 
1.06 0.88 . 
only apex was found 
Solariella cancellata jacksonensis 0.89 2.07 2.28 1.18 1.25 · 0.14 0.17 0.11 0.04 
0.6 1.39 1.37 0.79 0.67 0.14 0.19 0.05 0.11 
Turritella alveata 0.25 0.33 0.06 0.012 
0.26 0.33 0.08 0.015 ...... 
0.25 0.32 0.04 0.09 ~ <O 
Turritella perdita jacksonensis 0.11 0.21 0.02 0.07 
0.24 0.31 · 0.02 0.07 
4 4.54 1.7 0.54 0.95 0.21 0.25 0.04 0.08 
2.2 3.03 1.35 0.83 0.81 0.13 0.21 0.03 0.07 
2.36 2.94 1.31 0.58 0.74 0.02 0:09 
2.23 2.91 1.24 0.68 0.63 0.02 0.06 
1.52 1.89 0.83 0.37 0.47 0.02 0.08 
Bittium koeneni 3.77 4.45 1.41 0.68 0.98 0.05 0.14 
2.32 3.11 1.21 0.79 0.78 0.05 o.n 
3.28 4.14 1.25 0.86 0.9 0.09 0.12 
2.24 2.94 1 .. 12 0.7 0;72 0.07 0.11 
2.44 2.95 1.06 0.51 0.58 0.06 0.11 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
2.02 2.49 0.97 0.47 0.6 0.05 0.16 
1.95 2.57 0.96 0.62 0.83 0.06 0.15 
2.01 2.64 1.14 0.63 0.64 0.05 0.15 
1.7 2.21 0.9 0.51 0.68 0.05 0.14 
only apex was found 
Calyptraphorus stamineus only apex was found 
only apex was found 
0.3 0.4 0.16 0.6 
6.39 11 .17 4.19 4.78 2.35 0.29 0.38 0.14 0.37 
6.84 12.19 4.62 5.35 2.09 0.28 0.4 0.08 0.44 
2.9 2.14 0.16 0.22 0.04 0.11 
0:12 0.16 .· 0.09 0.15 _. 
only apex .was found <Tl 0 
Hipponix pygmaeus 1.1 2.54 0.15 0.17 0.05 0.06 
1.12 2.72 0.16 0.19 0.05 0.03 
1.04 2.03 0.1 0:12 0.04 0.07 
0.97 2.04 0.17 0.19 0.04 0.03 
1.23 2.2 0.22 0.25 0.05 0.04 
0.78 1.73 0.17 0.2 0.08 0.02 
0.7 1.67 0, 15 0;18 0.05 0:02 
0.9 1.61 0.17 0.22 0.07 0.03 
0.84 1.26 0.09 0.11 0.06 0.03 
0.86 1.5 0.1 0.11 · 0.04 0.02 
Calyptraea aperta 1.94 5.56 0.19 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Natica permunda 0.64 4.62 4.83 3.98 2.65 0.2 
Euspira jacksonensis 0.21 1.89 1.93 1.68 1.21 0.25 
0.62 2 1.9 1.38 1.17 0.2 
0.25 1.68. 1.84 1.43 1.07 0.16 
0.29 1.59 1.4 1.3 1.09 0.1 
0.23 1.37 1.52 1.14 0.57 0.12 
0.07 1.52 1.32 1.45 0.52 0.13 
Sinum jacksonensis 0.79 7.89 10.23 7.1 6.59 0.21 ·0.26 0.08 0.15 
Tritiaria jacksonensis 6.35 9.63 · 4.51 3.28 1.96 0.51 0.62 0.22 0.45 
..... 
Tritonoatractus pearlensis 4.16 8.17 4.22 4.01 1.5 0.21 0.34 0.1 0.17 c:n ..... 
2.16 4.54 2.27 2.38 0.74 0.37 0.45 0.13 0.11 
1.75 3.18 1.75 1.43 0.86 ·, 0.16 0.18 0.04 0.09 
0.99 2.3 1.22 1.31 0.6 0.03 .0.06 
Agaronia media only apex was found 
only apex was found 
1.68 1.35 0.63 0.13 
1.43 3.08 ' 1.52 1.65 0.59 
Bullata semem jacksonensis only apex was found 
0.37 4.85 3.01 4.48 0.59 0.48 
Sinistrella americana 4.9 8.19 2.88 3.29 1.'1 0.27 0.37 0.1 0.23 
Species SH H w 
Pyramidella meyeri 1.84 0.54 
Mnestia meyeri 3.01 1.46 




ApHt ApWd ShTh HtCos WdC 
0.17 
3.01 0.51 0.14 
2.39 0.66 0.2 





Species TA AL V s u sm f C VC 
Solariorbis subangulatus no no no no yes X 
no no no no yes X 
no no . no no yes X 
no no no no yes X 
Solariella cancellata jacksonensis no no no no yes X 
no no no no yes X 
Turrltella alveata no no no ' no no X 
no no no no no X 
no no no no no X 
.... 
Ol Turritella perdita jacksonensis (,.) no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Blttlum koeneni no no no no no 
. X 
no no no no no X 
no no no no no X 
no no no . no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Species TA AL . v s u sm f C vc 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraphorus stamineus no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 
no yes no no no X 




Hlpponix pygmaeus no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraea aperta no no no no no X 
Natlca permunda no no no no yes X 
Species TA -AL V s u sm f C vc Euspira jacksonensis no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
Slnum jacksonensis no no no no yes X 
Trltlarla jacksonensis yes yes no no no X 
Trltonoatractus pearlensis no no no no no · X 
..... 
no no no no no X 01 
01 no no no no no X 
no no no no no X 
Agaronla media no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Bullata semem jacksonensis yes yes no no no X yes yes no no no X 
Sinistrella americana no no no no no X 
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X X X X 
0 0 0 0 
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0 0 0 0 
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C: C: C: C: 
0 0 0 0 






















GastroQod measurements: Mood~s Branch Formation subsamr2le 2-3 . 
SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Solariorbis subangulatus 0.1 1.02 2.11 0.92 1.05 0.16 
Architectonica bellistriata 1.04 2.38 2.8 1.34 1.17 0.35 0.39 0.05 0.13 
0.44 1.21 1.35 0.77 0.03 0.11 
Turritella alveata 11.58 4.03 0.23 0.32 0.07 0.23 
0.34 0.48 0.1 0.28 
0.37 0.4 0.06 0.19 
0.18 0.26 0.09 0.19 
0.06 0.14 
_.. 
0.05 0.12 (n CX> 
Turritella perdita jacksonensis 4.73 5.8 2.56 1.13 1.61 0.03 0.24 
2.67 3.38 1.5 0.71 0.99 0.04 0.15 
Bittium koeneni 2.39 2.85 1.15 0.46 0.77 0.06 0.15 
2.37 2.82 0.99 0.45 0.43 0.05 0.11 
2.14 2.68 1.04 . 0.54 0.63 0.09 0.11 
1.93 2.48 0.95 0.55 0.44 0.09 0.11 
1.67 2.19 0.88 0.52 0.46 0.05 0.14 
2.04 2.42 1.11 0.38 0.57 0.1 · 0.15 
1.87 2.42 . 0.96 0.55 0.55 0.06 0.13 
1.79 2.07 1 0.28 0.52 0.07 0.12 
2.09 2.54 0.94 0.45 0.63 0.05 0.15 
1.18 1.66 0.72 0.48 0.35 0.08 0.15 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Calyptraphorus stamineus only apex was found 
7.28 4.93 0.24 0.3 0.08 0.42 
0.32 0.42 0.1 0.26 
0.34 
0.38 0.43 0.06 0.13 
1.79 2.36 1.34 0.57 0.89 0.13 0.18 0.04 0.11 
Hipponix pygmaeus 1.25 2.46 0.17 0.19 0.06 0.04 
1.61 2.41 0.16 0.18 0.08 0.03 
0.98 2.25 0.12 0.16 0.03 0.02 
1.08 2.57 0.17 0.19 0.05 0.02 
1.21 2.08 0.12 0.14 0.06 0.04 -.• (.fl 1.11 1.82 0.14 0.17 0.06 0.03 <O 
0.87 1.64 0.14 0.16 0.04 0.02 
1.13 1.71 0.1 0.13 0.04 0.02 
0.78 1.47 0.12 0.15 0.07 0.02 
0.68 1.6 0.1 0.14 0.04 0.02 
Capulus americanus 2.64 4.95 0.26 
Calyptraea glandaria 2.05 3.72 0.17 
1.31 3.41 
Xenophora reclusa 0.77 1.66 3.09 0.89 0.16 0.28 0.08 0.18 
Nati ca perm unda 0.32 2.46 2.14 0.12 
0.08 1.45 1.93 1.37 0.97 0.23 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
0.25 1.42 1.67 1.17 0.8 0.13 
0.18 1.38 1.41 1.2 0.71 0.1 
0.28 1.43 1.55 1.15 0.7 0.16 
Euspira jacksonensis 0.42 1.95 1.7 1.53 1.12 0.13 
0.12 1.19 1.6 1.07 0.85 0.11 
0.38 1.41 1.43 1.03 0.91 0.11 
0.21 1.19 1.3 0.98 0.75 0.13 
Agaronia media only apex was found 
only apex was found 
only apex was found 
only apex was found 
_.. 
2.3 5.69 2.44 3.39 0.74 0.25 0) 
' 0 1.2 2.69 1.37 1.49 0.87 0.17 
0.73 2.34 1.23 1.61 0.89 0.16 
Bullata semen jacksonensis 1.12 5.59 3.35 5.47 0.86 0.4 
Paradrillia jacksonensis 5.07 5.89 2.52 0.88 1.38 0.22 0.17 
5.09 2.04 0.26 
Terebra jacksonensis 2.38 3.88 1.76 1.5 0.72 0.22 0.36 0.16 0.22 
Pyramidella meyeri 2.26 3 1.15 0.74 0.75 0.15 
Acteon annectens 1.43 4.01 2.04 2.58 1.37 0.31 0.37 0.06 0.07 
0.57 1.92 1.21 1.35 0.98 0.07 0.1 0.05 0.02 
-... "'"'.- . ....,_ fr~.;;;;...h-~~· 
Species 
·SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Mnestia meyeri 3 1.32 3 0.42 0.14 
2.94 1.55 2.94 0.14 
2.38 1.43 2.38 0.35 0.21 
2.14 1.06 2.14 0.37 0.16 
Retusa jacksonensis 4.11 1.84 4.11 1.27 0.2 
3.59 2.39 3.59 0.72 0.28 
3.91 1.99 3.91 0.47 0.21 
3.05 1.19 3.05 0.48 0.27 
3.02 1.73 3.02 0.74 0.19 
3.12 1.23 3.12 0.17 
1.94 1.29 1.94 0.19 
O> 
_.. 
Species TA RL V s u sm f C VC 
Solariorbls subangulatus no no no no yes X 
Archltectonica bellistriata no · no no no yes X 
no no no no yes X 
Turritella alveata no no no no no X 
no no no no no / X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
..... 
O> 
I\) Turritella perdlta jacksonensis no no no no no X 
no no no no no X 
Bittlum koeneni no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraphorus stamineus 
Species TA Al V s u sm f C VC no yes no no no X no yes no no no X no yes no no no X no yes no no no X no yes no no no X 
Hipponix pygmaeus no no no no no X no no no no no X no no no no no X no no no no no X no no . no no no X no no no no no X 
..... 
no no no no no X 
0) 
(...) 
no no no no no X no no · no no no X no no no no no X 
Capulus amerlcanus no no no no no X 
Calyptraea glandaria no no no no no X no no no no no X 
Xenophora reclusa no no no no no X 
Natica permunda no no no no yes X no no no no yes X no no no no yes X no no no no yes X 
Species TA AL V s u sm f C vc 
no no no no yes X 
Euspira jacksonensis no no no no yes 
no no no no yes 
no · no no no yes 
no no no no yes 
Agaronia media no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
_.. no no no no no X O> 
~ no no no no no X 
Bullata semen jacksonensis yes yes no no no X 
Paradrillia jacksonensis no no no no no X 
no no no no no X 
Terebra jacksonensis no no no no no X 
Pyramidella meyeri no no no no no X 
Acteon annectens no no no no no X 
no no no no no X 



















X X X X 
0 0 0 0 
C C C C 
0 0 0 0 
C C C C 
0 0 0 0 
C C C C 
0 0 0 0 
C C: C C 
0 0 0 0 












X X X X X X X 
0 0 0 0 0 0 0 C C C C C C C 
0 0 0 0 0 0 0 
C C C C C C C 
0 0 0 0 0 0 0 
C C C C C C C 
0 0 0 0 0 0 0 
C C C C C C C 
0 0 0 0 0 0 0 





















Gastroeod measurements: Mood~s Branch Formation subsamele 2-6 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Architectonica ornata jacksonia 0.8 1.44 2.3 0.64 0.83 0.06 0.07 
Turritella alveata 0.24 0.29 0.08 0.34 
1.46 0.95 0.05 0.22 
1.72 2.14 0.98 0.42 0.62 0.03 0.07 
0.02 0.06 
Turritella perdita jacksonensis 8.15 9.97 2.86 1.82 1.86 0.32 
5.61 7.12 2.31 1.51 1.43 0.25 ....... O> 5.45 7.14 2.4 1.69 1.27 0.48 --.J 
4.59 6.04 1.98 1.45 1.25 0.29 0.39 0.03 0.11 
5.66 7.38 2.43 1.72 1.54 · 0.49 
5.36 6.84 2.59 1.48 1.66 0.14 0.18 0.06 0.18 
.4.96 6.64 2.21 1.68 1.35 0.37 
0.23 0.27 0.04 0.07 
3.87 5.36 1.99 1.49 1.2 0.38 
3.55 4.85 1.94 1.3 1.04 0.05 0.21 
Calyptraphorus stamineus only apex was found 
3.03 4.47 2.43 1.44 1.19 0.39 0.35 0.05 0.18 
Hipponix pygmaeus 0.82 1.01 
0.79 2.34 0.12 0.15 0.06 0.04 
1.1 2.16 0.15 0.18 0.07 0.03 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
0.84 2.02 0.13 0.17 0.06 0.02 
0.96 1.67 0.11 0.13 0.07 0.03 
1.91 2.6 0.11 0.12 0.05 0.03 
1.44 2.04 0.12 0.15 0.06 0.02 
1.3 2.26 0 .12 0.15 0.06 0.03 
1.4 2.98 0.15 0.19 0.04 0.05 
1.41 2.55 0.14 0.17 0.07 0.02 
Calyptraea glandaria 2.53 3.51 
Natica permunda 0.49 1.46 1.38 0.97 
only apex was found 
1.53 3.84 3.2 2.31 1.63 0.11 
m 
CD 
Agaronia media only apex was found 
Py ram idella meyeri 1.94 2.6 1.02 0.66 0.57 0.16 
Retusa jacksonensis only apex was found 
Species TA AL V s u sm f C vc 
· Archltectonica ornata jacksonla no no no no yes X 
Turritella alveata no no no no no · X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Turritella perdlta jacksonensis no no no no no X 
no no no no no X 
no no no no no X 
no no no . no -4 no X · 0) 
<O no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraphorus stamineus no no no no . no X 
no no no no no X 
Hlpponix pygmaeus 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Species TA AL V s u sm f C vc 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Calyptraea glandaria no no no no no X 
Nati ca perm unda no no no no yes X 
no no no no yes X 
no no no no yes X _. 
" 0 Agaronia media no no no no no X 
Pyramidella meyeri no no no no no X 
Retusa jacksonensis no no no no no X 
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Table 39. 
GastroQod measurement: Red Bluff Formation subsam12le 38-0 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Vitrinella laevis 0.26 0.82 0.56 0 .07 
0.13 0.64 0.3 0.51 0.56 0.05 
Turritella rubricollis 16.43 3.81 0.04 0.59 
Turritella T. premimetes 1.25 2.12 1.08 0.88 0.58 0.07 0.1 0.03 0.42 
1.11 2.14 1.09 1.03 0.81 0.1 - 0.12 0.04 0.45 
1.21 1.92 1.07 0.71 0.53 0.08 
Natica species 0.44 1.37 1.29 0.93 0.77 0.12 -L 
" 0.22 1.14 1.39 0.92 0.81 0.14 I\) 
0.17 1.09 · 1.27 0.92 0.52 0.12 
0.22 1.01 1.37 0.79 0 .66 0.07 
0.45 1.82 1.66 1.47 0.81 0.26 
0.32 0.16 
0.59 1.86 1.93 1.27 0.98 0.14 
0.38 1.72 2.03 1.34 1.08 0.09 
0.24 1.76 2 1.52 0.84 0 '. 16 
1.49 3.02 3.02 1.53 1.44 0.13 
Tritiaria falsus 0.75 1.72 0.97 0.97 0.52 0.16 0.19 0.04 0.19 
4.89 7.98 3.07 3.09 1.05 0.27 0.41 0.1 · 0.54 
Tritiaria macilenta 0.16 0.23 0 .02 0.18 
1 1.96 1.07 0.96 0.72 0 .06 0.23 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
1.4 2.37 1.21 0.97 0.15 0.17 0.04 0.19 
0.85 1.91 1.03 1.06 0.62 0.15 0.19 0.04 0.21 
Tritiaria scapulistriata 4.44 3.2 0.6 0.66 0.14 0.3 
Pleuroliria tenuis 2.12 3.58 1.58 1.46 0.76 0.21 0.26 0.16 0.16 
Tropisurcula caseyi 2.01 4.37 1.78 2.36 0.92 0.27 0.3 0.05 0.03 
4.05 1.93 0.29 0.31 0.03 0.07 
Phandella transemma 0;79 1.74 1 0.95 0.5 0.07 0.09 0.02 0.08 




Species TA RL V s u sm f C vc 
Vitrinella laevis no no no no yes X 
no no no no yes X 
Turritella rubricollis no no no no no X 
Turritella T. premimetes no no no no no X 
no no no no no X 
no no no no no X 
Natica species no no no no yes X 
no no no no yes X 
no no no no yes X ...... 
"' no no no no yes X ~
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X · 
no no no no yes X 
Tritiaria falsus yes no yes · no no X 
yes no yes no no X 
Tritiaria macilenta no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Species TA AL V s u sm f C vc 
no no no no no X 
no no no no no X 
Tritiaria scapulistriata yes no no no no X 
Pleuroliria tenuis no no no no no X 
Tropisurcula caseyi no yes yes no no X 
no yes yes . no no X 
Phandella transemma no no no no no · X 









Gastro(2od measurements: Red Bluff Formation subsam~le 38-1 
SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Teinostoma verrilli 
. 0.97 1.99 0.93 0.96 0.17 
Turritella T. premimetes 6 .71 0.16 0.23 0.06 0.23 6.82 0.23 0.29 0.04 0.33 
5.57 0.5 0.56 0.04 0.19 
4.78 0.1 0.17 0.03 0.17 
7.61 0.71 
4.48 0.4 0.46 0.02 0.14 
3.89 0.43 0.48 0.04 0.14 
2.99 0.19 0.24 0.02 0.15 _. 
.._.., 2.45 0.22 0.25 0.03 0.14 .._.., 
5.27 0.35 0.39 0.03 0.14 
Turritella caseyi 1.74 0.02 0.13 
Natica species 1.62 5.49 4.89 3.87 2.34 0.17 
0.59 2.97 2.74 2.38 1.43 0.08 
0.47 1.8 1.91 1.33 0.8 ·0.1 
2.01 0.13 
0.18 1.21 1.5 1.03 0.72 0.06 
0.35 1.08 1.19 0.73 0.57 0.05 
0.18 1.15 1.31 0.97 0.83 0.08 
0.14 1.27 1.45 1.13 0.75 0.07 
0.28 1.24 1.23 0.96 0.69 0.09 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Tritiaria falsus only apex was found 
only apex was found 
8.51 14.16 4.28 5.65 2.42 0.24 0.35 0.12 0.27 
1.36 2.94 1.47 1.58 0.82 0.17 0.3 0.03 0.07 
Tritiaria macilenta 5.5 9.51 3.74 4.01 1.68 0.21 0.67 0.53 0.76 
1.35 2.54 1.46 1.19 0.58 0.24 0.31 0.05 0.14 
only apex was found 
0.86 2.24 1.33 1.38 0.45 0.1 0.06 0.28 
5.3 0.18 0.25 0.17 0.47 
Coronia ancilla 8.75 13.32 4.62 4.57 1.39 0.36 0.44 0.12 0.54 ~ 
4.68 7.87 2.99 3.19 1.13 0.23 o:36 0.15 0.26 "' CD 1.91 3.37 1.51 1.46 0.67 0.12 0.16 0.11 0.37 
1.8 2.97 1.37 1.17 0.61 0.19 0.28 0.16 0.31 
Agatrix mississippiensis 3.44 7.99 4.68 4.55 2.4 0.43 . 0.79 0.83 0.46 
1.41 3.54 2.18 2.13 0.85 0.33 0.49 . 0.16 0.17 
0.88 2.51 1.68 1.63 0.78 0.24 0.32 0.12 0.17 
Pleurofusia oblivia 7.48 13.68 4.39 6.2 1.42 . 0.27 0.61 1.02 0.92 
Pleurofusia fessa 0.09 0.1 
2.13 3.64 1.5 1.51 0.45 0.21 0.3 0.04 0.03 
Tropisurcula caseyi 
· only apex was found 
5.16 9.73 3.35 4.57 0.74 0.39 0.69 0.04 0.09 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
2.25 5.03 2.06 2.78 0.79 0.25 0.37 0.08 0.09 
1.84 4.12 1.69 2.28 ·0.54 0.21 0.3 0.08 0.06 
Cochlespira cookei rubracollis 5.28 11.75 3.68 6.47 1.66 0.44 0.63 0.28 0.7 
Microdrillia vicksburgella only apex was found 
Microdrillia brevis allo only apex was found 
·s 0.23 0.33 0.08 0.17 
1.28 2.6 1.17 1.32 0.33 0.15 0.19 0.03 0.08 
1.05 2.18 1.08 1.13 0.55 
...... Bathytoma rhomboidea 6.43 13.81 5.83 7.38 2.56 0.31 0.44 0.12 0.38 ~ 
0.31 · 0.42 0.08 0.11 
Phandella transemma 1.3 · 2.99 1.37 1.69 0.61 0.09 0.14 0.02 0.08 
1.36 2.98 1.26 1.62 0.62 0.15 0.22 0;03 0.08 
Species TA RL V s u sm f C vc 
Teinostoma verrilli no no no no no X 
Turrltella T. premimetes no no no no no X 
no no · no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
-A. 
no no no no no X 0) 
0 
Turritella caseyi no no no no no X 
Natica species no no no no yes 
no no no no yes 
no no no no yes 
no no no no yes 
no no . no no yes 
no no no no yes 
no no no no yes 
no no no no yes 
no no no no yes 
no no no no yes 
Tritiaria falsus yes no yes no no X 
Species TA RL V s u sm f C vc 
yes no . yes no no X 
yes no yes no no X 
yes no yes no no X 
Tritiaria macilenta no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
Coronia ancilla no no no no no X 
no no no no no X 
no no no no no X 
-4 
no no no no no X 00 
-4 
Agatrix. mississippiensis no no yes no no X 
no no yes no no X 
no no yes no no X 
Pleurofusia oblivia no no yes no no X 
Pleurofusia fessa no no yes no no X 
no no yes no no X 
Tropisurcula caseyi no no yes no no X 
no no yes no no X 
no no yes no no X 
no no yes no no X 
Species TA AL V s u sm f C vc 
no no yes no no X 
no no yes no no X 
Cochlespira cookei rubracollis no no no no no X 
Microdrillia vicksburgella yes no no no no X 
Microdrillia brevis allo no no no no no X 
no no no no no X 
no no no no no X 
no no no no no X 
..... Bathytoma rhomboidea O> no no no no no X I\) 
no no no no no X 
Phandella transemma no no no no no X 
no no · no no no X 
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Table 41. 
GastroQod measurements: Red Bluff Formation 38-2 . 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Vitrinella laevis 0.13 0.78 1.32 0.65 0.57 0.06 
0.15 0.79 1.54 0.64 0.54 0.08 
0.1 . 0.67 1.43 · 0.57 0.5 0.08 
Turritella T. premimetes 0.18 0.24 0.03 0.09 
2.52 0.12 0.16 0.02 0.08 
2.46 
only apex was found 
only apex was found 
2.03 2.85 1.34 0.82 0.62 0.09 0.15 0.03 0.12 _. 
1.32 0.7 0.13 CD 1.97 2.85 0.88 0.16 0.02 0.07 .,:,. 
1.23 1.94 0.99 0.71 0.45 0.07 0.1 0.03 0.12 
1.34 2.01 1 0.67 0.55 0.16 
1.57 2.06 0.88 0.49 0.35 0.15 
Turritella caseyi 1.93 2.96 1.32 1.03 0.62 0.06 0.16 
2.25 · 3.38 · 1.62 1.13 0.91 0.11 0.13 0.02 0.12 
4.04 0.03 0.12 
· 4.04 0.03 0:13 
·only apex was found 0.05 0: 11 
3.83 0.03 0.16 
3.79 0.09 0.31 
5.48 0.08 0.1 0.07 0.25 
6.45 0.1 0.14 0.04 0.12 
4.57 0;03 0.14 
Species SH H w ApHt ApWd ShTh HtCos WdC Wdlnt 
Melanella species 2.13 3.89 1.55 1.76 0.65 0.31 
Natica species 0.2 1.34 1.5 1.14 0.78 0.11 
0.34 1.52 1.35 1.18 0.77 0.12 
0.31 1.74 1.75 1.43 1 0.15 
0.28 1.71 1.82 1.43 0.92 0.21 
0.34 1.4 1.39 1.06 0.66 0.09 
0.8 .3.44 3.03 2.64 1.69 0.23 
1.3 4.97 4.52 3.67 2.1 0.26 
Tritiaria macilenta only apex was found 
0.87 2.17 1.42 1.3 0.69 0.15 0.2 0.02 0.17 _.. 
0.71 2.26 1.39 1.55 0.84 0.02 0.18 (X) c.n 
2.9 6.17 2.76 3.27 1.24 0.18 0.23 0.12 0.12 
Coronia ancilla 2.53 5.36 " 2.37 ·2:83 1.03 0.27 0.37 0.13 0.37 
Latirus species 2.25 6.54 3.16 4.29 ·1.21 0.3 36 0.12 0.26 
Pleurofusia oblivia 13.83 25.86 7.62 12.03 3.29 0.49 0.91 1.18 1.65 
8.79 16.89 5.21 8.1 1.82 0.47 0.74 1.12 1.24 
Pleurofusia fessa only apex was found 
Tropisurcula caseyi 5.33 0.36 
4.31 ·7.96 2.95 3.65 0.85 0.48 0.56 0.07 0.2 
4.7 10.71. 3.53 6.01 1.82 0.51 0.6 0.03 0.3 
Species SH H w 
Bathytoma rhomboidea 7.13 15.11 6.13 
Ringicula mississippiensis petila 0.89 1.56 1.1 
0.87 1.71 1.09 
0.92 0.73 1.08 
Misc species G 1.48 2.51 1.25 
ApHt ApWd ShTh HtCos WdC Wdlnt 
7.98 2.36 0.34 0.41 0.1 0.22 
0.67 0.4 0.06 
0.84 0.44 0.04 0.06 0:04 0.02 
0.81 0.51 0.07 0.09 0.03 0.01 
'2 






















X X X 
(J) (J) (J) 
<D <l) Q) 
>, >, >, 
0 0 0 
C: C: C: 
0 0 0 
C: C: C: 
0 0 0 
C: C: C 
0 0 0 










X X X 
0 0 0 
C: C: C: 
0 0 0 
C: C: C: 
0 0 0 
C: C: C: 
0 0 0 
C: C: C: 
C 0 0 

















X X X X X X X 
0 0 0 0 0 0 0 
C: C: C: C: C C: C: 
0 0 0 0 0 0 0 
C: C: C C: C C: C: 
0 0 0 0 0 , 0 0 
C: C: C C: C: C: C: 
0 0 0 0 0 0 0 
C: C: C: C: C C: C: 
0 0 0 0 0 0 0 
C: C: C: C: C C: C: 
X X X X X X X X X X X 
0 0 0 0 0 0 0 0 0 0 0 C: C: C: C: C: C C: C: C: C: C: 
0 0 0 6 0 0 0 0 0 0 0 C: C: C: C: C: C C: C: C C: C: 
0 0 0 0 0 0 0 0 0 0 0 C: C: C: C: C: C C: C: C: C: C: 
0 0 0 0 0 0 0 0 0 0 0 C: C: C: C: C: C C: C: C: C: C: 
0 0 0 0 0 0 0 0 0 0 0 C: C: C: C: C C C: C: C C C 
(/) 
·;:;.. -~ (.) (D (J) Cl) 0.. a:, V) (.) 
~ ~ 




Species TA AL V s u sm f C vc 
Natlca species no no no no · yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
no no no no yes X 
Tritlaria macilenta no no no no no X 
no no no no no X 
no no no no no X 
...... 
no no no no no X (X) (X) 
Coronia anclHa yes no no no no X 
Latlrus species yes yes no no no X 
Pleurof usia obllvia no no yes no no 
no no yes no no 
Pleurofusla f essa no no yes no no X 
Troplsurcula caseyi no yes yes no no X 
no yes yes no no X 
no yes yes no no X 
Bathytoma rhomboidea no no no no no X 
Species TA AL V 
Bathytoma rhomboidea no no no 
Ringicula mississippiensis petila no yes no 
no yes no 
no yes no 
Misc si:2ecies G yes yes ~~~no 
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Table 42. 
Bivalve measurements: Moodl'.s Branch Formation subsamQle 1-0 
Species HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Nucula spheniopsis 2.92 3.31 0.83 0.21 81 0.23 0.05 0.01 
3.21 3.18 0.8 0.13 
3.51 3.18 0.75 0.12 54 0.14 0.03 0.02 
2.32 2.66 0.71 0.14 54 0.16 0.04 0.01 
1.8 2.27 0.68 0.13 63 0.15 0.03 0.01 
2.7 0.72 0.16 43 0.18 0.03 0.02 
2.75 0.16 53 0.18 0.04 0.01 
0.83 
1.89 2.11 48 0.04 0.02 _. 
<O 
_.. 
Hilgardia multilineata 6.51 13.09 2.23 0.22 28 0.3 0.09 0.14 
4.1 7.96 1.35 0.19 21 0.22 0.05 0.19 
4.59 9.33 1.54 0.21 23 0.24 0.09 0.17 
3.42 7.2 0.15 0.19 0.07 0.09 
3.08 6.04 1.04 0.14 24 0.19 0.07 0.12 
2;82 5.8 0.83 0.12 25 0.15 0.06 0.09 
2.43 5.21 0.67 0.12 24 0.15 0.1 0.07 
2.49 5.06 0.87 0.11 23 0.13 0.04 0.12 
2.46 4.82 0.85 0.13 22 0.14 0.05 0.12 
2.21 4.33 0.89 0.12 23 0.13 0.04 0.12 
Glycymeris filosa 0.67 18 0.05 0.2 
Eburneopecten scintillatus 6.37 5.73 0.61 0.07 
-· ---- --- ~-
Species HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 









Gonimyrtea curta · 6.2 6.44 1.68 0.2 55 0.26 . 0.03 0.08 
5.15 5.24 1.36 0.16 66 0.23 0.03 0.03 
4.61 4.73 1.12 0.13 37 0.16 0.02 0.04 -~ . 
5.21 5.27 1.43 0.15 45 ·' 0.2 0.03 0.04 (0 I\) 
4.76 5.05 1.47 0.1 25 0.12 0.06 0.05 
5.1 5.26 1.38 b.2 45 0.24 0.02 0.05 
5.05 5.18 1.16 0.16 40 0.2 · 0.02 0.06 
4.69 4.76 1.15 0.12 44 0.16 0.03 0.04 
. 5.08 4.04 0.95 0.2 0.23 0.02 0.03 
4.68 4.54 1.25 0.19 37 0.23 0.03 0.03 . 
Gonimyrtea subcurta 4.14 4.27 1.39 0.18 29 0.21 0.07 0.08 
3.74 4.08 1.38 0.18 36 0.23 0.03 0.05 
3.84 3.9 1.36 0.19 33 0.22 0.03 0.09 
4.27 4.37 1.46 0.17 27 0.19 0.05 0.04 
4.62 4.69 1.71 0.17 39 0.22 0.03 0.08 
4.32 4.6 1.38 0.15 39 0.18 0.04 0.06 
3.42 3.54 1.18 0.11 37 0.15 0.04 0.04 
Species HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 
3.58 3.6 1.16 0.12 42 0.15 0.06 · 0.02 
3.91 3.91 1.41 0.16 31 0.19 0.05 0.06 3.8 . 3.94 1.19 0.2 0.24 
Venericardia diversidentata only beak present 
only beak present 
1.1 29 0.06 0.03 
0.88 25 0.06 0.09 
7.45 7.13 2.43 0.4 27 0.49 0.27 0.31 
4.33 1.46 0.21 24 0.32 0.18 0.23 
1.74 1.71 0.59 0.12 23 0.17 0.04 0.05 
5.15 2.12 0.36 26 0.58 0.12 0.24 
2.31 2.31 0.79 0.15 24 0.22 0.06 0.08 
-4 
. only beak present <D (,.) 
Astarte pretriangulata 1.91 2.02 16 0.05 0.1 
1.54 1.62 13 
·0.05 .o:os 
· Spisula jacksonensis 5.29 7.3 1.72 0.25 
5.18 7.14 1.7 0.21 
5.45 7.29 1.78 0.27 
4.23 5.75 1.39 . 0.2 
4.36 5.89 . 1.43 0.19 
4.54 5.94 1.4 0.2 
4.15 5.52 1.41 0.18 
3.73 4.99 1.33 · 0.19 
3.88 5.02 1.25 0.14 
3.68 4.78 1.24 0.21 
Species HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Tellina vaughani 3.14 0.91 .0.16 27 0.17 0.02 0.04 
4.61 6.44 0.99 0.13 39 0.14 0.09 0.02 
4.87 6.53 0.95 0.14 52 0.15 0.02 0.06 
7.74 1.22 0.06 0.02 
1.56 0.03 0.04 
2.56 3.73 0.02 0.02 
6.97 1.43 0.19 66 0.2 0.05 0.02 
6.18 1.24 0.14 56 0.16 0.02 0.05 
5.1 7.32 1.2 0.12 
3.3 0.93 0.17 
Pitar securiformis 2.55 2.6 0.85 b.11 11 0.15 0.07 0.13 ..... 
<O 2.66 2.66 0.77 0.13 .i,.. 
2.11 2.14 13 0.05 0.08 
2.29 2.24 0.71 0.1'1 8 0.13 0.04 0.06 
2.2 2.34 0.72 0.09 8 0.11 0.04 . 0.12 
2.52 2.47 0.82 0.12 9 0.15 0.07 0.1 
2.21 2.19 0.08 11 0.1 0.07 0.11 
2.55 2.63 0.78 0.11 9 0.14 0:04 0.11 
2.25 2.13 14 0.05 · 0.07 
2.2 2.23 0.73 11 · 0.06 0.11 
Callista annexa 3.4 0.75 B 0.17 0.02 
2.31 3.02 . 0.72 0.13 10 0.14 0.05 0.12 
· 0.59 
only beak was found 
Species HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Corbula densata 5.74 8.87 2.57 0.49 17 0.55 0.07 0.15 
5.28 1.69 14 0.1 0.16 
3.28 4.14 1.58 0.14 13 0.18 0.05 0.13 
2.86 3.62 1.19 0.28 9 0.35 0.1 0.04 
4.33 1.77 0.3 8 0.38 0.16 0.03 
Corbula willistoni 3.36 0.83 
1.98 2.77 0.84 0.15 
1.64 2.26 0.5 0.09 
2.84 3.96 1.04 0.16 
2.63 0.69 
2.73 3.75 1.15 0.19 
4.15 1.24 
...... 
2.1 2.72 0.7 ," 0.15 8 0.18 0.05 0.07 <O 0, 
1.77 2.53 0.74 0.15 8 0.21 0.07 0.08 
2.11 2.58 0.65 0.16 11 0.18 0.09 0.1 
Caestocorbula wailesiana 3.33 3.99 1.58 0.14 14 0.19 0.09 0.03 
3.74 4.34 1.84 0.2 21 0.31 0.09 0.05 
3.03 3.12 10 0.08 0.08 
3.07 3.42 1.16 0.18 17 0.21 0.16 0.03 




only beak was found 
Mis. species A only beak was found 
Species 
Mis. species B 
HT Lt Conv ShTh NoCo HtCos WdC Wdlnt 
only beak was found · 




Species RIC Cr Ga In sm f C VC 
Nucula sphenlopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X . 
Hilgardia multilineata _.. C no no no X (!) 
-...J C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no . no X 
C no no no X 
Glycymeris filosa r y n n X 
Ebumeopecten scintillatus no no no X 
no no no X 
no no no X 
Species RIC Cr Ga In sm f C vc 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Gonimyrtea curta C no no no X 
C no no no X 
C no no no · X 
C no no no X 
C no no no ,_.(,\ X (0 
0) C no no no X 
C no no no X 
C no no no X 
C no no no X 
C ·no no no X 
Gonlmyrtea subcurta C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
Species RIC Cr Ga In sm f C vc 
C yes no . no X 
V enerlcardia diversidentata r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no )( 
r yes no no X 
r yes no no )( 
r yes no no X 
r yes no no X 
_.. 
<D 
Astarte pretriangulata C no no no X <D 
C no no no X 
Spisula jacksonensis no · no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Tellina vaughani C no no no X 
·-
Species RIC Cr Ga In sm f C VC 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Pltar securif ormis C no no no X 
C no no no X 
I\) C no no no X 0 
0 C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Calllsta annexa C no no no X 
C no no no X 
C no no no X 
C no no no X 
Corbula densata C no yes yes X 
C no yes yes X 
Species RIC Cr Ga In sm f C vc . 
C no yes yes X 
C no yes yes X 
C no yes yes X 
Corbula willistoni C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X I\} 
C no no yes X 0 ~ 
Caestocorbula wailesiana C no no yes X 
C no no yes X 
C . no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
Mis. species A 
Mis. species B C no no no X 
Species 
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Bivalve measurements: Moodys Branch Formation subsample 1-3 
203 
Table 43. 
Bivalve measurements: Mood~s Branch Formation subsamQle 1-3 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Nucula spheniopsis 8.88 10.03 2.73 0.39 96 0.41 0.05 0.02 
6 7.26 1.73 0.26 77 0.27 · 0.04 0:01 
6.37 8 1.84 0.37 71 0.39 0.04 0.02 
3.09 3.11 0.82 0 .. 14 60 0.15 0.04 0.01 
2.72 3.16 0.86 0.16 58 0.18 0.04 0.01 
4.32 4.21 1.1.3 0.24 48 0.26 0.05 0.01 
4.13 4.1 1.15 0:21 56 0.23 0.04 0.01 
3.29 3.24 0.75 0.18 44 0.19 0.04 0.01 
3.5 3.55 0.93 0.16 47 0.17 0.03 0.01 
2.75 3.27 0.85 0.21 53 0.22 0.04 0.01 I\) 
0 
A 
Hilgardia multilineata 7.19 14.76 2.58 0.32 36 0.38 0.04 0.14 
6.4 11.76 2.19 0.3 29 0.35 0.09 0.14 
5.46 10.14 1.87 0.27 30 0.31 0.06 0.16 
4.39 8.99 1.52 0.21 29 0.28 0.04 0.15 
3.73 8.59 1.07 0.16 31 0.18 0.08 0.08 
3.89 7.79 1.3 0.19 24 0.23 0.06 0.13 
3.53 7.17 1.26 0.17 23 0.2 0.07 0.14 
2.51 5.48 · 0.86 0.13 .27 0.18 0.04 0.05 
2.18 4.88 0.75 0.11 22 0.14 0.04 0.07 
2.62 5.46 0.1 26 0.13 0.03 0.05 
Glycymeris idonea 2.63 2.63 0.93 0.18 30 0.22 0.05 0.04 
Chlamys nupera 3.64 3.28 0.52 0.11 27 0.16 0.07 0.14 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Eburneopecten scintillatus 11.48 10.98 1.3 0.11 
5.91 5.35 1.17 0.12 
7.68 7 0.89 0.11 
6.13 5.21 0.58 0.11 
6.18 5.74 0.88 0.1 
5.8 5.04 0.89 0.1 
6.7 o.r 
6.89 6.52 0.79 0.07 
5.31 4.82 0.9 0.08 
4.51 4.23 0.35 0.07 
Gonimyrtea curta 5.84 6.02 1.68 0.19 73 0.23 0.02 0.03 f\) 
0 5.89 5.77 2.15 0.21 0.23 0.04 0.02 0, 
5.39 5.52 1.63 0:21 43 0.26 0.04 0.04 
4.91 5.27 1.11 0.09 47 0.14 0.02 0.06 
4.93 5.17 1.15 0.14 45 0.16 0.03 0.07 
4.97 5.25 1.13 0.15 34 0.18 0.02 0.03 
4.85 4,88 l.09 0.11 58 b.14 0.02 0.03 
5.67 5.83 1.48 0.19 61 0.23 0.02 0.05 
5.36 5.13 1.25 0.16 68 0.18 0.03 0.04 . 
4.87 5.13 1.33 0.15 43 0.18 0.03 0.08 
Gonimyrtea subcurta 5.3 5.49 1.44 0.17 0.18 0.03 0.09 
5.64 6.14 1.93 0.17 38 0.19 0.04 0.09 
4.74 4.99 1.5 0.18 28 0.21 0.04 0.-1 
5.16 5.32 1.72 0.19 46 0.25 0.05 0.03 
.4.92 5.1 1.75 0.21 33 0.23 0.03 0.05 
. Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
4.63 4.52 1.7 ·0.22 33 0.26 0.05 . 0.07 
4.58 4.77 1.48 0.11 30 0.15 0.03 0.08 
4.65 4.91 1.53 0.2 39 0.27 0.04 0.07 
4.82 4.98 1.58 0.16 41 0.21 0.04 0.08 
4.09 4.35 1.35 0.17 39 0.23 0.04 0.05 
Venericardia diversidentata 2.61 7.13 2.5 0.44 29 0.57 0.23 · 0.22 
4.08 4 1.64 0.26 33 0.32 0.09 0.11 
4.59 · 4.52 1.78 0.43 26 0.53 0.15 0.2 
3.28 3.37 1.22 0.24 26 0.35 0.11 0.16 
3.71 3.67 1.5 0.23 23 0.32 0.1 o·.2 
3.12 3.22 1.24 · 0 .27 24 0.34 0.12 0 .1.2 
2.89 2.85 25 0.08 0.16 I\) 
2.69 2.77 0.78 29 0.06 0.07 0 0) 
3.34 3.07 1.08 0.25 17 0.3 0.16 0.06 
3.32 3.02 
Astarte pretriangulata 2.79 3.05 0.82 0.14 11 0.17 0.02 0.13 
Nemocardium nicolletti 9.39 3.03 . 
1.7 
Spisula jacksonensis 6.03 8.5 1.98 0.29 
5.97 8.02 1.94 0.21 
5.57 7.28 2.09 0.3 
4.95 6.35 . 0,23 
5,03 6.66 . 1.41 0.25 
4.3 5.68 1.39 0.28 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
4.6 6.3 1.6 0.19 
4.38 5.96 1.62 0.25 
4.67 6.32 1.56 0.22 
4.09 5.42 1.4 0.24 




5.63 1.2 0.02 0.05 
4.45 0.56 0.08 42 0.1 0.03 0.04 
1.29 0.04 0.02 
2.93 3.91 31 0.02 0.03 I\) 0 
4 5.27 0.8 0.08 39 0.1 0.02 0.05 ....... 
6.49 8.3 1.35 0.15 46 0.17 0.02 0.05 
Tellina linifera 3.86 6.61 0.76 0.08 17 0.1 0.02 0.17 
Pitar securiformis 2.6 2.65 0.86 0.1 22 0.11 0.02 0.06 · 
2.35 2.37 0.79 0.09 12 0.11 0.04 0.03 
2.29 2.48 0.81 0.09 13 0.1 . 0.03 0.07 
2.36 2.39 0.8 0.12 
2.32 2.34 0.77 0.02 0.13 
2.37 2.46 0.84 0.11 11 0.13 0.03 0.12 
2.43 2.59 
2.3 2.47 0.87 0.11 12 0.13 0.03 0.08 
2.34 
2.81 3.04 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Corbula densata 3.84 4.91 1.96 0.28 
3.07 4.36 0.23 
3.94 5.19 2 0.28 
3.69 4.7 1.35 0.28 
1.38 0.19 
2.4 3.12 0.97 14 0.11 0.05 
2.15 2.7 0.02 0.06 
2.67 3.54 · 1.01 0.13 0.11 0.23 0.05 0.13. 
2.09 2.76 0.78 0.12 0.15 0.17 0.05 0.06 
2.22 2.97 
Corbula willistoni 2.35 3.46 0.79 0.18 I\) 0 
co 
Caestocorbula wailesiana 5.66 6.35 3.02 0.22 27 0.39 0.13 0.13 
4.68 5.76 2.48 0;18 25 0.31 0.14 0.06 
4.27 5.01 2.1 0.18 24 0.33 0.17 0.08 
3.95 4.68 1.97 0.17 . 21 0.37 0.16 0.08 
4 4.84 1.93 0.21 20 0.28 0.13 0.07 
3.4 3.93 1.36 0.2 
3.83 4.64 1.66 0.26 
4.23 4.81 1.95 0.22 
2.98 3.87 0.13 0.04 
2.71 3.32 1.14 0.18 18 0.22 0.09 0.04 
Mis species C 2 0.05 0.68 
Mis species D 4.3 4.28 1.05 0.25 
Species RIC Cr Ga In sm f C vc 
Nucula spheniopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no · no X 
Hilgardia multilineata C no no no X I\) 0 
C no no no X <O 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Glycymeris idonea r yes no no . X 
Chlamys nupera r yes no no X 
Eburneopecten scintillatus no no no X 
Species RIC Cr Ga In sm f C vc 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Gonimyrtea curta C no no no X 
C no no no X 
C no no no X I\) _._ 
C no no no X 0 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no . no X 
C no no . no X 
Gonimyrtea subcurta C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C . yes no no X 
Species RIC Cr Ga In sm f C vc 
C yes no no X 
C yes no no X 
C yes no no X 
Venericardia diversidentata r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
.r yes no no X 
r yes no no X 
I\) r yes no no X ...... 
..... r yes no no X 
Astarte pretriangulata 
Nemocardium nicolletti yes no no X 
yes no no X 
Splsula jacksonensis no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Species R/C Cr Ga In sm f C vc 
no no no X 
no no no X 
Telllna vaughanl C no no no X 
C no no no X 
C no no on X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X I\) _.. 
I\) 
Telllna linif era C no no no X 
· Pltar securlformls C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Corbula densata C no yes yes X 
Species RIC Cr Ga In sm f C vc 
Corbula densata C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes .. yes X 
C no yes yes X 
Corbula willistoni C no no yes X I\) _.. 
(.) 
Caestocorbula wailesiana C no no yes X 
C no no yes X 
C no. no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
Mis species C C no no no X 
Mis seecies D C no no no X 
,·. r 
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Bivalve measu_rn_nie_nts: Moodys Branch Formation subsc1me1e.1-6 





































9.19 1.47 0.18 
6.61 0.94 0.16 
4.79 0.11 
5.91 0.12 
4.72 0.89 0.12 




8.24 2.86 0.44 








































































Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Glycymeris filosa 4.2 4.35 1.35 0.28 22 0.34 0.04 0.31 
3.4 3.54 1.14 0.23 22 0.28 0.06 0.27 
Pteria limula vanwinkleae 1.71 
Chlamys nupera 13.99 12.85 1.86 0.2 24 0.53 · 0.69 0.33 
4.37 3.82 0.08 0.13 0.13 0.11 
Eburneopecten scintillatus 8.02 7.36 1.2 0.09 
6.4 5.7 0.8 0.09 
5.68 5.19 0.07 
4.85 4.2 0.09 
3.41 3.01 '0.4 0.07 I\) 
_, .... 
5.06 4.73 0.89 0.09 a, 
4.14 3.99 0.77 0.07 
3.95 3.53 0.72 0.08 
3.2 2.91 0.57 0.06 
3.99 3.43 0.09 0.49 
Gonimyrtea curta 5.9 6.06 1.68 0.16 55 0.25 0.06 0.07 
5.2 5.39 1.32 0.15 49 0.2 0.03 0.06 
5.52 5.44 1.51 0.19 54 0.21 0.03 0.07 
5.35 5.4 1.38 0.14 56 0.2 0.02 0.05 
5.36 5.62 1.36 0.18 56 0.23 0.03 0.07 
6.12 5.96 1.24 0.19 0.22 0.03 0.05 
5.23 5.53 1.69 0.17 
5.45 5.43 1.44 0.16 52 0.21 0.02 0.05 
5.36 5.74 1.53 0.15 54 0.19 0.03 0.05 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
4.88 4.93 1.27 0.2 58 0.24 0.02 0.04 
Gonimyrtea subcurta 4.39 4.44 1.46 0.15 33 0.23 · 0.06 0.08 
4.57 4.91 1.5 0.19 36 0.22 0.05 0.09 
3.84 3.95 1.43 0.2 
4.88 4.85 0.17 32 0.24 0.04 0.09 
3.94 3.87 1.36 · 0.18 32 0.22 0.04 0.1 
3.97 3.98 1.24 0.22 27 0.26 0.05 0.05 
3.82 3.72 1.43 0.16 40 0.2 0.02 0.05 
3.43 3.39 1.1 0.18 26 0.21 0.02 0.05 
3.58 3.76 1.45 0.15 26 0.16 0.05 0.08 
3.41 3.55 1.09 ,, 0.14 30 0.19 0.03 0.05 
I\) 
_. Venericardia diversidentata . 1.89 2.01 21 0.04 0.09 ...... 
1.22 22 0.08 0.11 
1.25 32 0.03 0.09 
23 0.09 0.13 
1.31 26 0.06 0.12 
3.57 3.31 0.34 13 0.43 0.21 0.28 
4.89 4.83 1.96 0.45 23 0.61 0.12 0.28 
4.64 4.47 0.4 24 0.5 0.16 0.27 
5.8 5.8 1.93 0.42 35 0.5 0.14 0.25 
9.46 9.26 4.15 0.87 26 1.12 0.2 0.48 
Astarte pretriangulata 12 0.02 0.18 
2.23 2.26 0.45 0.12 
2.12 2.16 · 
12.14 2.14 0.75 0.09 13 0.11 0.04 0.13 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
1.94 1.96 0.08 11 0.1 0.03 0.18 
Spisula jacksonensis 5.22 7.02 1.78 0.31 
3.82 ·. 5.18 1.27 0.22 
4.97 6.69 1.74 0.3 
4.06 5.43 1.48 0.24 
4.35 5.32 1.36 0.26 
4.08 5.21 1.37 0.18 
3.18 4.1 1.13 0.16 
3.05 4.01 0.93 0.15 
3.93 5.22 1.28 0.19 
3.23 4.14 1.05 0.16 · 
I\) 
_.. T ellina eburneopsis 4 . 4.93 0.66 0.26 . en 
Tellina vaughani 6.24 8.53 1.47 0.17 . 68 0.2 0.02 o:os 
5.23 7.36 1.19 0.15 59 0.17 0.03 0.07 
7.1 9.01 1.7 0.16 68 0.19 0.02 0.06 
5.29 7.21 0.17 0.19 0.03 0.1 
8.43 0.16 59 0.19 0.04 0.11 
5.64 1.26 0.15 25 0.17 0.03 0.16 
6.69 1.35 0.23 
3.58 48 0.03 0.07 
1.1 0.02 0.1 
1.13 0.02 0.04 
Pitar securiformis 2.53 2.88 0.13 8 0.15 0:03 0.17 
2.62 2.74 0.79 0.13 10 0.16 0.03 0.18 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
2.38 2.5 · 0.82 . 0.12 
2.81 2.78 0.87 0.11 11 0.13 0.04 0.15 
2.52 2.59 0.82 0.15 8 0.18 0.12 0.18 
· 2.79 2.79 0.88 0.12 12 0.14 0.02 0.14 
· 2.65 2.47 0.91 0.14 11 0.17 0.04 0.1 
2.42 2.36 12 0.04 0.19 
2.42 2.6 0.84 0.13 
2.66 2.52 · 0.87 0.12 8 0.15 0.02 0.09 
· Corbula densata 2.4 2.89 0.95 0.28 12 0.3 0.1 0.05 
2.35 2.96 0.94 0.16 13 0.21 0.16 0.09 
2.4 3.37 0.91 12 0.2 0.07 0.08 . 
2.54 3.29 0.88 0.27 8 0.3 0.1 0.08 I\) _. 
3.34 4.19 1.18 0.27 16 0.36 0.08 0.15 <D 
3.9 4.67 1.58 0.27 18 · 0.34 0.08 0.11 
4.02 5.26 1.67 . 0.26. 
3.32 4.3 1.12 0.17 
3.81 5.49 1.7 0.33 
5.58 8.26 3.04 0.37 
Caestocorbula wailesiana 4.67 · 5:24 2.46 0.36 
4.39 5.4 2.16 0.27 23 0.4 0.19 0.15 
4.45 5.19 2.08 0.27 
4.45 5.09 2.04 0.23 26 0.36 0.12 .. 08 
3.86 4.37 1.91 0.21 26 0;3 · 0.12 · 0.08 
3.01 3.43 1.53 0.26 18 0.3 0.1 0.09 
9.46 10.71 4.81 0.42 32 0.52 0.31 0.1 




Verticordia cossmanni 1.81 
1.91 
Lt Conv ShTh NoCo HtCos WdC Wdln·t . 
11.78 . 5.97 0.5 44 0.66 0.15 . 0.23 
9.27 4.54 0.54 30 0.74 0.26 0.12 
2.01 0.61 . 0.24 12 0.28 0.08 0.23 




Species RIC Cr Ga In sm f C ·vc 
Nucula spheniopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Hilgardia multilineata C no no no X I\) I\) 
_.. 
C no no no . x 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no )(' 
C no no no X 
C no no no x . 
C no no · no X 
Glycymerls idonea r yes no no X 
r yes no no X 
Glycymeris f ilosa r yes no no · x 
r yes no no X 
Species RIC Cr Ga In sm f C vc 
Pteria limula vanwinkleae X 
Chlamys nupera r yes no no X 
r yes no no X 
Eburneopecten scintillatus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
2.., rv no no no X I\.) 
no no no X 
I\.) 
no no no X 
no no no X 
Gonlmyrtea curta C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
· C no no no X 
C no no no X 
C no no no X 


























yes no · 










In sm f C vc 
no X 
I\) no X I\) 













Species RIC Cr Ga In sm f . C VC Spisula jacksonensis no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no sno X 
Telllna eburneopsis no no no X 
I\) 
I\) Telllna vaughani 
.f>. C no no no X 
C no no no X 
C no no no X 
C no no no . X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Pitar securiformis C no no no X 
C no no no X 
C no no no X 
C no no no X 
Species RIC Cr Ga In sm f C vc 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Corbula densata C no yes yes X 
C no yes yes X 
C no yes yes '- X 
C no yes yes X 
C no yes yes X 
N C no yes yes X N 
<Jl 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
Caestocorbula wallesiana 
C no no yes X 
C no no yes X 
C no no yes X 
C . no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
Species RIC Cr Ga 
C no no 
C no no 
Verticordia cossmanni r yes no 





















Bivalve measurements: Mood:ts Branch Formation 2-0 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Nucula spheniopsis 8.22 8.79 2.39 0.43 87 0.45 0.05 0.02 
5.54 4.7 1.5 0.3 69 0.32 0.06 0.02 
4.72 4.62 1.6 0.44 
3.82 4.11 1.2 0.26 63 0.29 0.05 0.02 
3.21 4.04 0.8 0.19 
2.51 3.22 0.88 0.16 68 0.2 0.05 0.02 
4.2 4.39 1.39 0.29 59 0.32 0.05 . 0.03 
3.27 3.45 . 1.03 0.21 56 0.23 0.06 0.03 
2.78 2.82 0.87 0.15 57 0.18 0.07 0.02 
3.84 3.93 1.04 0.25 I\) 
I\) 
Q) 
Hilgardia multilineata 7.08 5.12 2,53 0.3 36 0.39 0.18 0.14 
6.29 12.64 2.22 0.32 24 0.37 0.15 0.15 
4.88 9.4 2.06 0.25 28 0.29 0.16 0.11 
8.26 1.8 0.22 . 0.27 0.15 0.09 
4.19 1.49 0.17 24 0.2 0.19 0.14 
3.01 6.1 1.02 0.18 25 0.21 0.11 0.04 
2.29 4.39 0.48 0.15 14 0.18 0.1 0.11 
2.1 4.17 0.13 17 0.15 0.14 0.08 
2.05 4.25 17 0.09 0.06 
2.07 3.98 0.77 0.13 15 0.16 0.14 0.15 
Barbatia asperta 2.37 5.29. 1.23 0.35 8 0.44 0.2 0.13 
1.66 0.92 8 0.13 0.05 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlrit 
Glycymeris idonea 1.78 1.69 0.51 0.11 15 0.13 0.06 0.06 
Glycymeris filosa 5.48 5.62 2.01 . 0.37 23 0.46 0.26 . 0.42 
Eburneopecten scintillatus 6.95 6.36 1 0.15 
4.14 3.64 0.08 .· 
4.38 3.92 0.49 0.1 
4.4 3.96 0.66 0.09 
12.39 0.88 0.12 
4.32 3.8 0.74 0.09 
3.52 3.12 0.72 0.1 
3.91 3.52 0.39 0.07 
6.7 0.65 0.1 
I\) 12.04 1.06 0.14 I\) 
<D 
Chlamys nupera 4.92 0.19 22 0.23 0.15 0.09 
Gonimyrtea curta 5.62 6.03 0.19 31 0.21 0.08 · 0.03 
6.12 6.34 1.61 0.21 · 34 0.26 0.08 0:03 
5.27 5.66 1.33 0.13 45 0.15 0.05 0.02 
5.02 5.11 1.57 0.3 58 0.34 0.07 0.03 
5.4 5.49 1.4 0.18 · 43 0.21 0.09 · 0.03 
4.61 4.82 1.15 0.24 
4.89 4.9 1.2 0.22 50 0.26 0.06 0.05 
5.42 5.5 1.69 0 .. 33 37 0.38 0.08 0.03 
4.81 5.45 1.23 0.19 26 0.22 0.05 0.06 
4.38 4.5 1.33 0.33 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Gonimyrtea subcurta 4.97 5.27 1.71 0.23 30 0.28 0.15 0.03 
4.42 4.48 ·1.5 0.22 33 0.26 0.1 0.08 
4.53 4.75 1.54 0.21 30 0.24 0.11 0.06 
4.82 5.23 1.75 0.22 34 0.28 0.1 0.04 
4.74 4.55 1.47 0.17 35 0.23 0.09 0.06 
· 4.06 4.12 
3.93 4.08 1.34 0.15 29 0.18 0.06 0.07 
3.79 4 1.45 0.24 33 0.28 0.06 0.08 
3.57 3.74 1.14 0.18 34 0.23 0.05 0.08 
3.61 3.82 1.22 0.19 28 0.24 0.12 0.07 
Venericardia diversidentata 6.68 6.66 2.53 0.57 19 0.67 0.28 0.14 
2.71 2.64 0.86 0.17 21 0.19 0.12 0.08 I\) 
w 2.65 2.79 0.97 . 0.22 24 0.28 0.11 0.06 0 
1.93 1.99 0.76 0.22 20 0.26 0.07 0.05 
Astarte pretriangulata only beak was found 
Spisula jacksonensis 5.69 7.52 1.88 0.3 
5.45 7.37 1.82 0.25 
5.64 4.37 1.5 0.25 
4.13 5.55 1.46 0.17 
3.99 5.31 1.39 0.22 
3.7 s :03 1.49 0.23 
3.13 4.32 1.13 0.17 
3.32 4.44 1.15 0.21 
3.69 4.83 1.47 0.23 
3.5 4.71 1.12 0.22 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Tellina vaughani 7.11 9.36 1.53 0.22 36 0.27 0.1 0.02 · 
6.72 8.59 . 1.6 0.19 30 0.23 0.17 . 0.02 
4.45 6.33 1.07 0.13 40 0.15 0.14 0.02 
3.7 5.27 0.84 0.15 
6.3 1.7 0.17 38 0.19 0.12 0.03 
5.81 0.97 0.12 36 0.15 . 0.08 0.02 
4.6 5.74 1.03 0.09 40 0.11 0.1 0.03 
3.79 5.46 0.88 0:09 
4.8 6.39 1.05 0.17 
6.61 1.57 0.21 
Tellina linifera 5.43 10.03 1.26 0.11 19 0.15 0.05 0.25 I\) 
<,.) 
~ 
Pitar securiformis 2.58 2.49 0.86 0.15 10 0.17 0.06 0.08 
2.88 2.82 1.02 0.19 
2.44 2.75 0.96 0.14 9 0.16 0.06 0.13 
2.37 2.34 0.81 0.16 
2.34 2.43 0.73 . 0.12 7 0.13 0.04 0.08 
2.23 2.31 0.14 
2.29 2.35 0.82 0.12 
2.22 . 2.35 0.77 0.13 
2.43 2.53 
2.14 2.12 0.67 0.09 7 . 0.11 ·o.oB 0.09 
Callista annexa 2.61 
Corbula densata 3.13 5.15 1.26 
' 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
2.77 4.48 1.16 0.27 
2.89 4.03 1.16 0.25 
4.03 4.99 1.15 0.2 15 0.22 0.09 0.1 
3.28 4.32 1.89 · 0.29 
3.26 3.97 1.38 0.22 15 0.26 0.15 0.2 
3 3.98 1.21 0.3 13 0.32 0.11 0.15 
1.06 0.22 
3.96 1.18 0.14 
2.6 3.85 0.87 0.17 13 0.2 0.09 0.05 
2.08 2.71 0.79 0.19 9 0.22 0.13 0.07 
Corbula willistoni 4.09 1.74 0.26 · 19 0.24 0.16 0.02 
3.4 3.99 1.66 0.2 I\) 
w 2.52 3.22 1.03 0.29 I\) 
1.83 2.41 0.74 0.14 12 0.16 0.12 0.04 
1.91 2.57 0.7 0.21 9 0.25 0.09 0.18 
3.24 1.16 0.11 12 0.14 0.14 0.03 
2 2.86 0.69 0.19 8 . 0.21 0.14 0.1 
1.75 2.36 0.58 0.15 7 0.17 0.1 0.1 
1.87 2.61 0.62 0.16 · 7 0.19 0.08 0.06 
2.55 · 0.82 0.15 8 0.19 0.12 0.07 
Caesfocorbula wailesiana 2.1 2.62 1.01 0.13 · 14 0.16 0.07 0.03 
3 3.27 1 0.15 12 0.19 0.11 O.l 
2.45 2.97 1.19 0.26 
3.01 3.4 1.34 
3.41 3.97 1.64 0.28 
3.65 5.08 1.42 0.2.2 
Species Ht Lt Conv 
5.3 2.34 
. 5.53 5.89 2.65 
4.76 5.49 2.27 
6.82 7.81 3.82 . 
Verticordia cossmanni only apex was found 
2.25 2.3 0.7 
ShTh NoCo HtCos WdC Wdlnt 
31 0~ 14 0.11 
0.43 24 0.51 0.21 0.16 
0.29 24 0.37 0.22 0.16 
0.51 30 0.67 0.33 0.13 




Species RIC Cr Ga ·In sm f C vc 
Nucula spheniopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Hllgardla multillneata C no no no X I\J w 
~ C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Barbatla asperta C yes yes no X 
. c yes yes no X 
Glycymeris ldonea r yes no no X 
"-"+--~- -- . -=---- .. ,, -' - -___ =- ---·---· -
Species RIC Cr Ga In sm . f C vc Glycymeris filosa r yes no no X 
Ebumeopecten scintillatus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
I\) 
w Chlamys nupera r yes no no X 01 
Gonimyrtea curta C no no no X 
C no no no X 
C no no · no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Gonimyrtea subcurta C yes no no X 
C yes no no X 
Species RIC Cr Ga In sm f C vc 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
' Venericardia diversidentata r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X I\) C,) 
0) 
Astarte pretriangulata C yes no no X 
Splsula jacksonensis · no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Tellina vaughani C no no no X 
Species RIC Cr Ga In sm f C vc 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C , no no no X . 
Telllna linifera C no no no X 
Pitar securiformis I\) C no no no X w 
C no no no X "" 
C no no no X 
C no no no X 
C no no no X 
C no no no · X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Callista annexa C no no no X 
Corbula densata C no yes yes X 
C no yes yes X 
C no yes yes X 
Species RIC Cr Ga In sm f C VC 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes 
. X 
C no yes yes X 
C no yes yes X 
Corbula willistoni C no no . yes X 
C no no yes X 
C no no yes X 
I\) C no no yes X (.u 
CX> C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
Caestocorbula wailesiana C no no yes X 
C no no yes X 
C no no yes X 
c · no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no · yes X 
-~~~-.... 
Species RIC Cr Ga 
C no no 
C no no 
C no no 
C no no 
Verticordia cossmanni r no no 
r no no 























Bivalve measurements: Mood~s Branch Formation subsamQle 2-3 
Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Nucula spheniopsis 6.6 8.05 1.92 0.37 
5.39 6.93 1.7 0.34 
4.99 6.51 1.37 0.23 
4.24 4.75 1.4 0.22 76 0.24 0.04 0.02 
4.87 3.92 1.54 0.23 
3.56 3.92 1.24 0.24 54 26 0.05 0.02 
3.27 · 4.02 1.29 0.22 55 0.24 0.06 0.02 
2.82 3.49 0.99 0.19 56 0.2 0.05 0.02 
2.5 0.06 0.02 
3.11 3.59 1.25 0.21 63 0.23 .0.05 0.03 I\) 
.fl,.. 
Hilgardia .multilineata 4.48 9.44 1.59 0.22 
.... 
26 0.26 0.08 0.18 
2.78 6.57 1 0.15 27 0.18 0.1 0.03 
2.15 4.58 0,64 0.12 16 0;15 0.1 0.05 
2.27 4.14 0.12 18 0.14 0.1 0.17 
2.13 4.53 0.67 0.13 19 0.15 0.14 0.09 
2 4.27 16 0.1 0.08 2.07 4 0.67 0.09 21 0.11 0.09 0.08 2.25 4.76 0.16 19 0.19 0.09 0.06 1.99 3.25 
2.67 5.01 0.95 0,14 20 0.18 0.11 0.06 
Glycymeris idonea 6.75 6.51 2.42 0.4 24 0.46 0.15 0.33 
2.7 2.5 0.88 0.17 23 0;24 0.07 0.18 
1.7 1.84 0.64 0.2 19 0.25 0.08 0.14 
Species Ht Lt 
. Conv ShTh NoCo HtCos WdC Wdlnt 
2.29 2.06 0.63 0.16 
3.41 1.21 0.19 0.23 0.08 0.15 
Glycymeris filosa 3.67 0.74 0.92 0.09 0.38 
. 8.05 8.12 2.97 0.48 30 0.67 0.34 0.16 
2.27 2.58 0.77 0.14 23 · 0.21 0.06 0.08 
2.34 2.38 0.63 0.12 23 0.19 0.08 0.12 
Eburneopecten scintillatus 5.74 5.33 0.09 
7.62 7.94 1.62 · 0.15 
5.63 5.08 0.89 0.08 
4.14 3.78 0.1 
6.85 1.45 
f\) 5.71 0.93 0.11 .,,. 
0.73 0.14 
f\) 
5.4 0.61 0.1 
only beak was found 
only beak was found 
Gonimyrtea 7.3 7.21 2.16 . 0.26 33 0.3 0.09 0.11 6 .04 6.34 1.57 0.25 48 0.29 0.04 0.02 5.58 5.78 1.41 0.19 53 0.23 0.03 0.01 5.35 5.34 1.27 0.18 52 0.22 0.04 0.02 4.88 5.09 1.24 0.17 44 0.19 0.03 0.05 5.25 5.16 1.43 0.23 
4.82 5.13 1.24 0.23 41 0.27 0.06 0.03 4.67 4.64 1.29 0.22 30 0.19 0.06 0.05 5.11 5.16 1.31 0.2 52 0.23 0.05 0.02 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
4.92 5.07 1.32 0.19 46 0.21 0.08 0.03 
Gonimyrtea subcurta 4.96 4.89 1.75 0.27 40 0.32 0.08 0.04 
4.14 4.18 1.37 0.18 31 0.21 O.Q4 0.02 
3.77 4.17 1.34 0.16 24 0.19 0.05 0.03 
4.2 4.27 1.16 0.24 36 0.27 0.05 0.06 
4.07 4.24 1.29 0.2 25 0.23 . 0.05 0.04 
4.57 4.56 1.78 0.26 
3.9 4.11 1.21 0.17 19 0.2 0.05 0:08 . 
4.02 4.21 1.48 0.25 25 0.31 0.04 0.06 
3.89 4.12 1.26 0.21 28 0.25 0.05 0.05 
3.65 3.66 1.21 0.24 25 0.29 0.04 0.02 
I\} 
. I ~ Venericardia diversidentata 4.52 4.77 18 0.15 0.12 C,.) . 
4.11 · 4.07 1.6 0.42 23 0.48 0.08 0.1 
3.39 3.41 1.41 0.37 21 0.46 0.07 0.09 
3.13 3.22 · 1.13 0.25 17 0.3 0.08 0.12 
2.7 2.69 0.9 0.24 20 0.29 0.06 0.07 
2.02 1.98 0.65 0.22 21 0.27 0.06 0.03 
1.65 1.58 0.6 0.11 23 0.14 0.06 0.03 
1.8 1.99 0.66 0.21 16 0.24 0.06 0.07 
1.57 1.67 
1.94 1.88 0.76 0.24 13 0.28 0.11 0.07 
Astarte pretriangulata 2.33 2.36 0.83 0.11 12 0.15 0.08 0.15 
Bathytormus flexurus 1.86 0.26 13 0.31 0.19 0.2 
4.71 1.63 21 0.15 0.14 
Species Ht Lt 
· Conv ShTh NoCo HtCos WdC Wdlnt 
Spisula jacksonensis 5.68 7.6 1.82 0.3 
4.37 5.9 1.54 0.27 
4.24 5.45 1.53 0.19 
5.74 7.48 2.02 0.26 
4.4 5.59 1.5 0.21 
3.98 5.44 1.51 0.24 
3.63 4.8 1.48 0.21 
4.04 5.26 · 1.45 0.21 
4.16 5.53 1.47 0.23 
3.66 4.98 1.35 0.22 
Tellina vaughani 5.32 
r\) 
.ti,. .5.81 8.46 1.47 0.2 35 0.23 0.03 0.02 
.ti,. 7.7 0.05 0.02 4.21 6.15 0.92 0.09 34 0.11 0.03 0.04 
6.47 0.12 0.14 0.03 0.05 5.7 8.08 1.39 0.19 34 0.22 0.06 0.03 4 5.82 · 0.83 0.11 42 0.13 0.04 . 0.05 5.19 1.27 0.14 28 0.16 0.06 0.02 
1.22 0.02 0.04 4.81 0.86 0.02 0.04 
Tellina linifera only beak was found 
0.12 0.17 
Pitar securiformis 2.6 2.76 0.82 0.09 7 0.12 0.05 0.02 
. 3.01 2.96 0.95 0.16 
~~~~:y;· -~~ __ ,.:·-~ -~~-·--7···:~~ ~~ -~,·~ -~~~~.vr-:.,_.~ ~ 4 ~~~,w-!~;~.-~~~~~ -:~:~~:ar~ ~ ~~~~~!~·:;'-3.i~::-'~P~ ~-~-:-fT~::~~-. :1 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
2.89 3.12 1.1 0.13 
3.04 2.99 1.07 0.17 8 0.2 0.05 0.03 
2.59 2.69 0.76 0.15 
2.19 2.32 0.74 0.19 7 0.21 0.06 0.03 
2.54 2.68 .0.89 0.13 7 0.14 0.05 0:02 
2.61 2.65 0.92 0.16 
· 2.66 2.5 0.94 0.16 
2.56 2.51 0.8 0.1 6 0.12 0.04 0.08 
Callista annexe only beak was found 
1.77 2.22 0.63 0.1 7 0.12 0.05 0.08 
only beak was found 
I\) 
7.32 2.37 0.31 ~ Corbula densata 5.17 en 
4.29 5.83 2.23 0.35 
4.61 6.54 2.33 0.31 
3.18 4.53 1.32 0.24 
2.66 3.21 1 0.16 
2.49 3.16 0.86 0.14 
Corbula willistoni 2.19 2.88 0.87 0.24 
2.63 3.63 0.79 
2.69 3.29 0.88 0.2 11 0.24 0.04 0.06 
2.54 3.18 0.93 0.16 11 0.22 0.1 0.03 
2 .. 16 2.89 0.83 0.13 . 1 0.19 0.12 0.08 
2.77 2.54 0.8 0.18 11 0.22 0.1 0.12' 
2.43 3.16 0.84 0.24 8 0.27 0.13 0.04 
2.17 2.95 0.68 0.21 7 0.24 0.11 0.12 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
2.92 · 2.54 0.55 0.19 8 0.26 0.11 0.13 
2.48 2.95 9 0.15 0.08 
Caestocorbula wailesiana 10.92 9.13 6.31 0.37 26 0.53 0.33 · 0.19 
7.73 8.81 3.43 0.54 30 0.79 0.17 0.08 
5.97 6.45 3.07 0.38 26 0.57 0.15 0.1 
4.93 4.3 2.04 0.26 22 0.37 0.13 0.07 
3.59 4.12 1.86 25 0.12 0.06 
4.29 4.81 1.85 0.36 20 0.41 0.19 0.02 
3.53 4.12 1.68 0.32 19 0.44 0.15 0.06 
3.31 3.9 1.71 0.23 20 0.36 0.12 0.04 
4.29 5.05 1.988 24 0.17 0.08 
4.24 4.93 2.05 0.26 13 0.56 0.13 0.7 I\) 4).. 
O> 
Verticordia cossmanni 2.57 2.7 0.83 .13 0.1 0.21 
2.07 2.14 0.63 0.13 . 9 . 0.18 0.07 0.15 
Species RIC Cr Ga In sm f C VC 
Nucula spheniopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
I\) Hilgardia multilineata C no no no X .fl. 
....., 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no. no no X 
C no no no X 
C no no rio X 
C no no no X 
Glycymeris idonea r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Species RIC . Cr Ga In sm f C VC 
Gtycymeris filosa r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
.Eburneopecten scintillatus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X N ~ 
no no no X co 
no no no X 
no no no X 
Gonimyrtea C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Species R/C Cr Ga In sm f C vc 
Gonimyrtea subcurta C yes no no X 
C yes no no X 
C yes · no no X 
C yes no no X 
C yes no no X 
c . yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
-
Venericardia diversidentata r yes no no X 
r yes no no X I\) ~ 
(£) 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Astarte pretriangulata C yes no no X 
Bathytormus flexurus C yes yes no X 
C yes yes no X 
Spisula jacksonensis no no no X 
Species A/C Cr Ga In sm f C VC 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no x 
no no no X 
T ellina vaughani 
C no no no X I\) 
Ol C no no no X 0 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no · no no X 
C no no no X 
T ellina linif era C no no no X 
C no no no X 
Pilar securiformis C · no no no X 
C no no no X 
C no no no X 
C no no no X 
~ 
Species RIC Cr Ga In sm f C vc 
C no no no X 
C no no no X 
C no no no X 
C no no no · x 
C no no no X 
C no no no X 
Callista annexa C no no no X 
C no no no X 
C no no no X 
Corbula densata C no yes yes X 
L 
I\) C no yes yes X c.n 
_.. C no yes yes X 
C no yes yes X 
C no . yes yes X 
C no yes yes 
. x 
Corbula willistoni 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
/ 
Species RIC Cr Ga In sm f C vc 
C no no yes X 
C no no yes X 
Caestocorbula wailesiana C no no yes X 
C no no yes X 
C no no yes X 
C no no yes 
. x 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X t\) Ol 
t\) 
Verticordia cossmanni r no no no X 
r no no no X 
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Bivalve measurements: Mood~s Branch Formation subsam12le 2-6 
Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt · 
Nucula spheniopsis 7.34 7.31 1.9 0.41 
3.54 4.01 1.12 0.25 
only beak was found 
1.08 0.03 0.01 . 
2.95 3.29 0.9 0.12 73 0.14 0.04 0.02 1.87 0.15 
Hilgardia multilineata 3.99 8.04 1.38 0.16 24 0.2 0.04 0.15 
6.7 1.06 0.19 24 0.27 0.04 0.07 2.84 5.4 1.05 0.13 24 0.16 0.09 0.06 I\) 
22 <.Tl 2.35 4.43 0.9 0.09 0.15 0.04 0.08 ~ 1.98 3.88 0.79 0.11- 17 0.13 0.06 ·0.09 1.84 3.42 
1.92 4.36 0.69 0.1 12 0.12 0.06 0.05 1.81 7 0.04 0.07 3.49 1.3 0.23 29 0.25 0.03 · 0.11 
Glycymeris idonea 1.77 30 0.09 0.21 
1.59 
3.28 3.44 1.16 0.2 26 0.24 0.07 0.18 2.9 2.89 1.01 0.16 21 0.23 0.09 0.22 2 .. 92 2.77 1 0.19 18 0.24 0.1 0.29 2.79 2.54 0.93 0.18 21 0.23 0.06 0.19 2.46 2.48 0.9 0.19 23 0.23 0.08 0.19 2.06 1.93 0.69 0.17 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
0.62 20 0.08 0.2 
Glycymeris filosa 4.28 4.42 1.35 0.26 21 0.35 0.09 0.28 
3.57 3.31 1.32 0.27 28 0.36 0.07 0.23 
Eburneopecten scintillatus 6.32 5.8 0.7 0.11 
0.69 
0.54 
only beak was found 
2.78 0.53 
only beak was found 
5.14 0.59 0.09 
I\) 
U'I 
U'I Gonimyrtea curta 5.85 5.91 1.66 0.26 
4.43 5.04 1.54 0.17 25 0.22 0.05 . 0.09 
4.26 4.41 1.27 0.18 39 0.24 0.05 0.09 
4.12 4.46 1.16 0.15 30 0.17 0.1 0.03 
4.58 4.6 1.52 0.14 30 0.19 0.04 0.07 
4.1 4.41 1.48 0.17 31 0.21 0.04 0.08 
5.45 5.73 1.35 0.19 
3.7 3.91 0.98 0.15 25 0.17 0.06 0.04 
4.1 4.21 1.2 0.16 32 0.19 . 0.05 0.05 
3.5 3.65 1.18 0.14 
Gonimyrtea subcurta 3.03 3.22 1.1 0.17 12 0.2 0.03 0.15 
2.37 2.38 0.74 0.19 
3.23 3.1 22 0.04 0.11 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
3.63 3.65 1.21 0.15 20 0.21 0.06 0.09 
3.86 4.16 1.27 0.2 28 0.24 0.03 0.08 . 
3.44 3.51 0.98 0.19 
2.81 2.96 1 0.16 21 0.19 0.05 0.07 
· 2.89 2.85 0.96 0.13 26 0.16 0.05 0.05 
2.87 2.81 0.74 0.15 17 0.18 0.03 0.1 
2.59 2.86 
Pleuromeris inflatior 3.57 3.05 1.33 0.31 14 0.38 0.18 0.19 jacksonensis 3.26 3.18 1.34 0.24 13 0.33 0.17 0.13 
2.96 2.63 · 1.17 0.27 12 0.38 0.23 0.07 
2.42 2.34 0.95 0.16 14 0.26 0.11 0.14 
2.51 2.32 0.93 0.28 14 0.34 0.13 0.14 I\) (Jl 
0) 
Venericardia diversidentata 2.95 2.89 1 0.26 23 0.31 0.06 0.16 
4.26 4.36 1.63 0.31 30 0.37 0.14 0.34 
4.97 4.87 1.71 26 0.46 0.11 0.18 
1.71 2.02 0.75 23 0.16 0.05 0.08 
3.16 3.18 1.33 0.25 25 0.31 0.09 0.17 
1.94 1.92 0.73 22 0.07 0.1 
1.8 0.12 0.19 
1.93 24 0.06 0.09 
2.3 27 0.13 0.11 
4.4 1.74 22 0.11 0.08 
Astarte pretriangulata 1.8 1.75 0.11 
2.27 0.61 0.11 7 0.13 0.05 0.33 
1.8 1.9 0.4.9 0.08 10 0.1 0.02 0.14 
---· 
.-·. ~ 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
1.93 1.73 11 0.03 0.11 
Bathytormus flexurus 2.77 3.47 0.94 0.19 19 0.23 0.1 0.08 . 
4.86 5.62 2.07 0.18 
5.26 5.17 1.72 0.26 16 0.31 0.17 0.17 
Spisula jacksonensis 3.28 4.31 1.35 0.17 
2.81 3.77 0.92 0.19 





3.72 1.07 I\) 
<.n 1.07 
"' 0.94 
Tellina vaughani 5.26 7.01 1.15 0.16 42 0.19 0.03 0.1 




1.06 0.09 0.02 
4.5 0.99 0.12 26 0.14 0.09 0.02 
5.54 0.78 0.09 0.02 
2.58 3.89 
0.67 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
Pitar securiformis 2.89 2.9 0.95 0.12 
2.31 2.37 0.75 0.1 7 0.13 · 0.07 0.13 
2.48 2.46 0.79 0.13 4 0.17 0.11 0.18 
2.33 2.45 0.78 0.12 
2.39 · 2.49 0.81 0.12 4 0.14 0.06 0.14 
2.51 2.74 i .12 5 0.09 0.09 
2.88 2.86 1.11 0.18 
2.51 2.61 0.91 0.11 5 0.14 0.07 0.09 
2.35 2.37 0.72 3 0.06 0.1 
2.13 2.26 1.02 0.12 6 0.16 0.08 0.05 · 
Callista annexa 1.78 0.59 · 
I\) 3.25 0, 
en 2.6 3.2 1.09 5 0.16 0.06 0.2 
only beak was found . 
Corbula densata 6.19 8.67 3.19 0.26 
4.39 6.71 2.12 
4.87 6.21 2.6 0.29 
3 .74 1.15 
4.19 . 0.95 
342 4.5 1.24 0.3 16 0.35 0.08 0.12 
3.05 5.08 1.96 
2.12 1.27 0.23 5 0.27 0.14 0.11 
1.99 2.56 0.73 0.12 a · 0.16 0.09 0.11 
Corbula willistoni 2.15 2.78 0.76 0.12 9 0.17 0.05 0.16 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
1.93 2.6 . 0.15 7 0.17 0.04 0.08 2.04 2.75 0.79 0.15 
1.97 2.49 0.79 0.13 8 0.16 0.07 0.09 1.91 2.61 0.49 0.14 6 0.19 0.08 0.13 2.12 2.72 0.73 0.13 10 0.18 0.05 0.03 1.92 2.54 0.47 7 0.09 0.11 2.25 3.16 
3.33 4.13 1.35 0.33 14 0.39 0.07 0.14 2.17 2.18 0.82 0.3 9 0.38 0.06 0.11 
Caestocorbula wailesiana 6.72 6.84 3.1 0.33 29 0.32 0.21 0.08 5.04 5.71 . 2.38 0.44 23 0.51 0.09 0.1 4.17 5.1 2.32 0.31 21 0.38 0.13 0.07 f\.) 3.33 3.89 1.44 19 0.08 0.06 Ul (0 3.9 4.5 1.9 0.22 26 0.31 0.12 0.08 4.02 4.78 1.85 0.24 24 0.3 0.14 0.04 3.68 4.43 1.32 0.2 22 0.28 0.09 0.08 3.36 3.66 1.48 0.23 15 0.29 0.1 0.08 3.13 3.45 1 0.23 19 0.27 0.1 0.05 2.58 3.89 1 16 0.12 0.03 
?.,·- ,,' ' ......... ~.~- ' - ,;--:-+-:----~"1......,.---.,-----,-:,-,-
Species RIC Cr Ga In sm f C VC 
Nucula spheniopsis r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Hilgardia multilineata C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no I\) no X 0) 
0 C no no no X 
C no no no X 
C no no no X 
C no no no X 
Glycymeris idonea r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
r yes no no X 
Species RIC Cr Ga In sm f C vc 
Glycymeris fllosa r yes no no X 
r yes no no 
. X 
Eburneopecten scintillatus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Gonimyrtea curta C no no no I\) X m 
C no no 
_., 
no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
Gonimyrtea subcurta C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 



















































































...,.,,_...., __ ..,... ___ ~~ . -.,!"" ~ ,- -_-= - ., -~-~~-, -. -~v--~a •~·~""~-··-,7~~4'".,._~"lt-~·--~.~~-~y~1.:~• ~-"'~'7--.~~';;:;_:..-~·-'·•~~·1 
Species RIC Cr Ga In sm f C vc Balhytormus flexurus C yes yes no 
C yes yes no 
C yes yes no 
Splsula jacksonensis no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
r\) no no no X 0) 
no no no X (.} 
T ellina vaughani C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no ' no no X 
C no no no X 
Pitar securiformls C no no no X 
C no no no )( 
Species RIC Cr Ga In sm f C vc 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no . no X 
C no no no X 
C no no no X 
Callista annexa C no no no X 
C no no no X 
C no no no X I\) 
C no no no X O> ~ 
Corbula densata C no yes yes X 
C no yes yes X 
C no yes· yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
C no yes yes X 
Corbula willistoni C no no yes X 
C no no yes X 
C no no yes X 
- ·~ . -~·~: ----·- ~ 
Species RIC Cr Ga In sm f C vc C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
Caestocorbula wailesiana C no no yes X C no no yes X C no no yes X f\) 














Bivalve measurements: Red Bluff Formation subsamele 38-0 
Species Ht Lt Comi ShTh NoCo HtCos WdC Wdlnt 
Nucula vicksburgensis 2.52 3.26 0.86 0.15 73 0.16 0 .01 0.02 
1.72 2.19 0.55 0.15 
Brevinucula pseudopunctata 4.36 4.83 1.27 0.31 
Yoldia clydoniona 4.3 1.25 0.17 
3.42 6.7 1.07 0.18 
3.35 5.98 1.06 0.18 
3.13 0.87 0.15 
I\) 
Ol 
· 2.05 3.41 0.12 ...., 
3.64 . 1.1 0.25 
only beak was found 
only beak was found 
only beak was found 
Barbatia paradiagon 2.86 4.17 1.31 0.36 10 0.43 0.2 0.16 
Scapharca invidiosa 3.32 5 1.45 0.25 29 0.29 0.07 0.11 
2.5 4.95 1.06 0.2 0 .24 0.1 0.1 
3.08 4.98 1.36 0.19 26 b.21 0.09 0.08 
2.63 4.57 1.06 0.22 30 0.24 0.12 0.08 
4.65 25 0.09 0.07 
2.4 4.49 1.2 0.27 27 0.31 0.12 0.09 
2.07 3.29 1 0.25 25 0.28 0.08 . 0.14 
~ j -
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
2.26 4 1.05 0.2 24 0.24 0.09 0.08 
2.06 3.63 0.87 0.18 2·4 0.21 0.1 ·1 0.13 
2.27 3.74 1.1 0.2 22 0.23 0.12 0.1 
Glycymeris intercostata 2.83 17 0.38 0.15 
Eburneopecten subminutus 3.21 3.16 0.48 0.1 
2.98 
3.72 
only beak was found 
2.8 0.54 0.11 
only beak was found 
2.58 0.58 (\:) 
0) only beak was found O> 
2.44 2.13 0.39 0.1 l 
Spondylus dumosus 26.05 25.21 11.8 · 2.38 20 2.84 0.94 1.09 
Dimya rufaripa 6.39 5.66 0.88 0.44 13 0.49 0.2 0.15 
4.46 3.84 1.49 0.29 
4.86 4.11 0.66 0.16 9 0.24 · 0.22 0.16 
4.21 3.96 1.29 0.27 
3.53 3.96 
3.67 3.11 · 0.63 0.22 10 0.27 0.2 0.13 3.38 3.16 0.63 0.17 
Lopha vicksburgensis 18.56 16.59 5.14 0.38 6 1.22 1.53 1.37 
( - -'--.,--... .... ., -, _-.,;._-_____ _ 
· j 
Species Ht Lt Conv -ShTh NoCo HtCos WdC Wdlnt 
Myrtea scopularis 5.23 1.48 
4.29 4.78 1.24 0.19 21 0.23 0.08 0.15 -
4.02 3.98 1.2 0.23 17 0.26 0.1 0.1 
3.23 3.24 0.98 0.27 
3.21 3.39 0.2 
3.52 3.16 . 1.21 0.21 25 0.27 0.03 0.1 
2.59 2.52 - 0.68 0.11 18 0.13 0.05 0.21 
only beak was found 
Astarte triangulata 9.01 9.37 3.06 0.77 24 0.87 0.28 0.17 
8.16 8.58 3.19 0.57 23 0.62 0.38 0.18 
7.95 8.26 2.98 0.54 23 0.6 0.31 0.18 
8.01 7.63 2.87 0.64 30 0.68 0.46 0.13 I\) 7.11 6.01 2.42 0.36 22 0.44 0.27 0.13 0) (0 I 6.27 6.84 2.21 0.34 23 0.39 0.26 0.12 
5.23 5.68 -1.99 - 0.33 17 0.41 0.21 0.16 
5.8 6.15 1.98 0.32 21 0.37 0.2 0.22 
4.67 4.95 1.63 0.26 2 0.29 - 0.24 0.14 
4.66 5.48 1.81 0.31 20 0.36 0.22 0.15 
Pitar aldrichi 1.69 1.77 16 0.04 0.04 
1.51 1.43 0.53 14 0.03 0.04 
Corbula rufaripa 5.07 5.58 2.59 0.28 16 0.35 0.23 0.02 
4.11 4.66 2.19 0.29 15 0:35 0.21 0.02 
4.39 4.73 2.12 0.25 15 0.36 0.21 0.02 3.98 4.13 2.09 0.2 12 0.29 0.23 0.01 
4.33 4.29 2.02 0.22 14 0.32 0.23 0.02 
Species Ht L.t Conv ShTh NoCo HtCos WdC . Wdlnt 
4.28 4.61 1.84 0.27 13 0.3 0.2 0.03 
3.58 3.72 1.9 . 0.26 15 0.33 0.18 0.03 
4.64 5.01 2.24 · 0.24 12 0.3 0.21 0.01 
4.19 4.59 1.87 0.19 17 0.3 0.18 0.01 
3.73 4.17 1.89 0 .29 12 0.38 0.22 · 0.02 
Spheniopsis mississippiensis 1.3 1.74 0.46 5 0.06 0.09 
Verticordia dalliana 2.97 30.5 1.33 0.28 9 0.33 0.16 0.32 
2.52 2.6 0.85 0.2 13 · 0.27 0.13 0.45 
2.14 2.39 0.74 0.25 10 0.33 0.07 0.31 
1.83 0.62 0.21 8 0.28 0.09 0.28 
r\) 
"""' Haliris quadrangularis 5.46 5.18 2.22 0.27 23 0.33 0.21 0.18 0 
4.46 1.11 0.28 · 22 0.33 0.22 0.13 
2.89 2.77 0.84 0.19 18 0.23 0.17 0.1 
- . --l ~7 ~.,-,·-=, ~ 
I 
Species RIC Cr Ga In sm f C VC 
Nucula vicksburgensis r yes no no X 
r yes no no X 
Brevinucula pseudopunctata yes no no X 
Yoldia clydoniona no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X I\) 
...... 
no no no X 
_._ 
no no no X 
no no no X 
Barbatia paradiagon C yes yes no X 
Scapharca invidiosa r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
Species R/C Cr Ga In Sm f C vc 
r yes yes no X 
Glycymeris intercostata r yes no no X 
Eburneopecten submlnutus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no I\) no no X 
-.._J 
I\) 
Spondylus dumosus r yes no no X 
Dlmya rufarlpa r no no no X 
r no no no X 
r no no no X 
r no no no X 
r no no no X 
r no no no X 
r no no no X 
Lopha vlcksburgensls r no no no X 
Myrtea scopularls . C no no no X 
C no no no X 
- --
------'Czr:::::::-J5f37:-'"~........,...,- -Z.:.:.,.T ~--=,~:~ =~,_. . ....,. ....... ..s -· -~ _.,......_ .. _,..,~~·--"--"-"'~..1-:'"- ·:.::!4 
Species RIC Cr Ga In sm f C vc 
C no no no X 
C no no no X 
C no no no · X 
C no no no X 
C no no no X 
C no no no X 
Astarte triangulata C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X I\) 
C yes no no X 
" (,.) 
C yes no no X 
C yes no no X 
C yes no no X 
Pitar aldrichi C no no no X 
C no no no X 
Corbula rufaripa C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
=t 
Species RIC Cr Ga In sm f C vc 
C no no yes X 
C no no yes X 
C no no yes X 
-C no no yes X 
C no no yes X 
Spheniopsis mississippiensis C no yes no X 
Verticordia dalliana r no no no X 
r no no no X 
r no no no X 
r no no no X 
I\) 
" Haliris quadrangularis r yes no no X ~ 
r yes no no X 
r y_es no no X 
' 
APPENDIX XXXV 
Bivalve measurements: Red Bluff Formation subsample 38-1 
275 
---- ,--· .,_ --...- ;:::---
.1 
Table 49. 
Bivalve measurements: Red Bluff Formation subsamQle 38-1 
Species Ht Lt Conv ShTh NoCo . HtCos WdC Wdlnt 
Nucula vicksburgensis 3.27 0.69 0.18 0.19 0.02 0.01 
3.31 0.56 0.18 0.19 0.02 0.01 
Yoldia clydoniona 4.35 7.89 
1.29 0.2 
8.73 1.46 
3.46 6.42 1 0.14 
only beak was found 
4.25 0.18 
2.56 4.53 · 0.74 0.11 t\.) 
only beak was found " 0) 
only beak was found . 
only beak was found 
only beak was found 
Scapharca invidiosa 3.07 5.13 1.35 0.17 26 0.21 0.14 0.05 
3.09 6.4 1.57 0.33 27 0.39 0.14 0.06 
2.1 4.66 0.81 0.19 27 0.23 0.09 0.07 
2.32 4.11 0.92 0.23 27 0.27 0.11 0.1 
2.01 4.86 0.99 0.21 23 0.24 0.15 0.05 
2.07 · 3.24 0.96 
2.19 3.59 1 0.22 
2.01 3.2 0.82 0.21 26 0.24 0.09 0.07 
1.92 3.06 0.93 0.22 25 0.25 0.06 0.08 
1.92 3.66 
1--------
Species Ht Lt Conv ShTh NoCo HtCos WdC . Wdlnt 
Eburneopecten subminutus . only beak was found 
1.99 1.94 0 .. 35 0.06 
1.98 1.88 0.36 0.09 
Myrtea scopularis 4.43 4.59 1.38 0.2 38 0.24 0.11 0.09 
3.96 4 1.23 0.2 24 0.26 0.08 0.12 
4.19 4.27 1.48 0.18 29 0.23 0.06 0.1 
3.99 4.24 1.35 0.2 27 0.23 0.05 0.2 
3.12 4.29 1.39 0.22 32 0.26 0.1 0.2 · 
4.14 4.16 1.31 0.21 · 28 0.27 0.09 0.09 
3.38 3.38 1.02 0.14 25 0.18 0.07 0.13 
3.66 3.57 1.12 0.21 32 0.28 0.1 0.12 
I\) 
3.88 3,8 1.18 0.25 21 0.31 0.08 0:09 ....,, 
......, 
3.51 1.15 0.16 22 0.21 0.08 0.09 
Astarte triangulata 5.03 5.4 1.86 0.28 14 0.31 0.23 0.15 
5.49 6.06 1.8 0.25 . 25 0.3 0.18 0.16 
5.44 6.05 · 2.22 0.26 20 0.34 0.2 0.15 
6.68 6.62 2.63 0.45 27 0.51 0.2 0.18 
5.04 . 5.58 1.97 0.26 18 0.34 0.16 0.15 
4.26 4 .82 1.71 0.23 21 0.28 0.22 0.15 
4.22 4.64 1.53 o·.3 13 0.33 0.19 0.14 
3.94 4.44 1.56 o . 36 16 0.4 0.23 0.16 
3.73 4.17 1.51 0.25 16 . 0.3 0.17 0.17 
3.15 3.51 1.19 0.26 
Kelliella rufaripa 7.45 1.85 28 0.03 0.04 
---t, 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
1.77 1.8 0.67 0.08 20 0.09 0.02 0.04 
1.53 1.48 0.06 23 0.07 0.02 0.03 
Corbula engonata 2.52 3.97 1.07 0.31 9 0.39 0.21 0.15 
, Corbula ruf aripa 4.29 4.72 1.93 0.27 14 0.31 0.17 0.08 
4.79 5.03 2.81 0.19 22 0.25 0.17 0.08 
4.48 5.3 1.97 0.32 20 0.38 0.15 0.06 
4.66 5.2 2.3 0.27 21 0.34 0.22 0.06 
4.22 4.83 2.11 0.27 18 0.33 0.19 0.05 
4.61 5.21 2.43 0.25 16 0.32 0 .16 0.07 
5.03 5.66 ,2.4 0.31 15 0.37 0.18 0.05 
4.98 . 5.55 2.53 0.31 14 0.39 0.2 0.06 I\) 
4.65 5 .29 2.27 0 .3 15 0.37 0.18 0.07 ...... CX> 
3.94 4.01 , 2.15 12 0 .17 0.05 
Verticordia dalliana 2.69 3.09 0.88 0.25 12 0.36 0.06 
Haliris quadrangularis 6.5 3.03 0.3 22 0.35 0.1 0.11 
Misc species F 6.69 4.72 1.61 0.26 9 0.4 0.52 0.75 
-=------~------·~ ~-~ ~~~~::·-- _,, ___ :ttr=.1·~~.:~~·y,-·;} ~:=:'*::-:":°1~~~~~-:-·- k ""~;;~.-: 
Species RIC · Cr Ga In sm f C vc 
Nucula vicksburgensis r no no no X 
r no no no X 
Yoldia clydonlona no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X . 
I\) no no no X 
-...J 
no no no X (0 
no no no X 
Scapharca invidiosa r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes . yes no X 
r yes yes no X 
r yes yes no X 
Eburneopecten subminutus no no no X 
~ ----, 
Species RIC Cr, Ga In sm f C VC 
no no no X 
no no no X 
Myrtea scopularis C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
-C no no no X 
C no no no X 
"'> C no no no X CX> 
0 
Astarte triangulata C yes no no X 
C yes no no _ X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no x · 
C yes no no X 
Kelliella rut aripa C no . no no X 
C no no no X 
C no no no X -
----:~1-
Species RIC Cr Ga In sm . f C VC 
C no no no X 
C no no no X 
Corbula engonata C no no no X 
· Corbula rufaripa C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no . yes- X 
C no no yes X r\) O> C no no yes X .... 
C no . no yes X 
Verticordia dalliana r no no no X 
Haliris quadrangularis r yes no no X 
Misc seecies F r no no no X 
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Table 50. 
Bivalve measurements: Red Bluff Formation subsample 38-2 
Species Ht Lt Conv ShTh NoCo HtCos WdC . Wdlnt 
Yoldia clydoniona 5.23 9.1 1.42 0.21 
5.15 9.66 0.2 
4.12 . 7.72 1.15 0.15 
3.77 6.77 1.06 0.14 
3.6 6.76 1.07 0.15 
3.59 6.57 1.05 0.16 
2.99 5.14 0.12 
2.84 5.22 0.81 0.14 
2.86 5.08 0.82 0.17 
2.34 4.41 0.67 0.12 I\) 
00 
(,.) 
Scapharca invidiosa 2.6 4.69 0.97 0.2 · 23 0.23 0.12 0.11 
2.11 3.93 1.02 0.17 24 0.22 0.11 0.1 
2.11 3.93 0.89 0.16 26 0.2 0.14 0.06 
1.99 3.48 0.96 0.2 23 0.24 0.09 0.08 
2.11 3.34 0.99 0.16 23 0.2 0.1 0.14 
1.85 3.28 0.78 0.11 . 25 0.15 0.12 0.09 
1.81 3.45 0.74 0.14 27 0.17 0.17 0.05 
2.16 3.86 · 0.88 0.21 28 0.24 0.12 0.05 
1.74 2.64 0.73 0.2 27 0.23 0.1 0.07 
2.24 3.75 24 0.1 0.09 
Eburneopecten subminutus 3.49 3.33 0.6 0.15 
2.92 2.7 0.6 0.11 
2.64 2.89 0.56 0.1 
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
3.08 3.06 0.62 0.12 
2.94 2.96 0.09 
2.89 2.79 0.55 . 0.11 
2.57 2.48 0.49 0.09 
2.18 2.32 0.44 0.1 
2.51 2.35 0.44 0.09 
2.61 2.62 0.51 0.1 
Myrtea scopularis 4.94 · 4.86 1.31 0.26 15 0.3 0.13 0.31 
4.87 5.01 1.41 0.22 36 0.27 0.09 0.1 
4.3 4.44 1.22 0.32 18 0.35 0.12 0.16 
4.08 4.19 1.13 0.21 
3.91 3.94 1.18 0.22 
I\) 
3.96 3.95 1.2 0.22 23 0.27 0.11 0.13 CJ) ~ 
3.59 3.64 0.96 0.21 21 0.26 0.1 0.09 
3.55 3.68 1.1 0.2 19 0.23 0.11 0.08 
3.1 2.02 0.79 0.2 
3.64 3.53 1.08 0.2 20 · 0.23 0.12 0.1 
Chama pappiladerma 9.8 8.81 4.12 0.39 7 1.88 0.46 1.89 
Astarte triangulata 8.72 9.23 3.19 0.53 29 0.58 0.24 0.24 
7.01 7.59 2.5 0.4 23 0.45 0.24 0.14 
8.05 8.51 3.18 · 0.54 21 0.56 0.23 0.29 
7.09 8.17 2.15 0.34 21 0.37 0.2 0.19 
6.7 7.47 2.37 0.3 24 0.36 0.17 0.18 
6.81 6.92 2.59 0.55 26 0.59 0.14 0.14 
6.72 6.94 2.36 0.26 31 0.32 0.17 0.09 
~ - ~ -
Species Ht Lt Conv ShTh NoCo HtCos WdC Wdlnt 
6.48 6:69 2.24 0.41 25 0.47 0.16 0.09 
6.51 7.15 2.39 0.34 28 0.39 0.15 ·0.09 
6.01 6.55 1.86 0.29 27 0.35 0.16 0.12 
Nemocardium eocenense 10.14 10.93 4.22 0.23 81 0.25 . 0.08 0.03 
8.97 9.94 3.56 0.19 76 0.21 0.06 0.03 
Corbula engonata 4.34 6.54 1.8 0.27 12 0.33 0.16 0.15 
Corbula rufaripa 5.31 · 5.28 2.8 0.31 20 0.36 0.24 0.07 
4.91 5.09 2.12 0.25 . 24 0.32 0.22 0.1 
4.79 . 4.33 2.59 0.32 21 0.4 0.16 o. 1 
2.39 4.49 2.43 0.26 24 0.32 0.16 0.11 I\) 4.01 4.24 2.16 0.24 18 0.29 0.21 0.08 ()) O"i 
3.83 . 4.11 1.91 0.26 20 0.32 0.15 0.12 
3.88 4.06 1.99 0.29 14 0.33 0.17 0:12 · 
4 4.96 2.16 0.28 20 0.31 0.16 0.1 
4.14 4.03 2 0.24 18 0.31 0.12 0.05 
3.7 3.76 1.86 0.23 13 0.31 0.13 0.09' 
Verticordia dalliana 2.45 2.73 0.8 0.24 11 0.32 .0.1 
2.73 0.97 0.26 0.34 0.14 
Haliris quadrangularis 6.57 2.83 0.31 0.37 0.23 . 0.16 · 
Species RIC Cr Ga In sm f C vc 
Yoldia clydoniona no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Scapharca invidiosa (\) r yes yes no X 0) 
O> r yes yes no X 
r yes yes no 
- X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no X 
r yes yes no 
· X 
Eburneopecten subminutus no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Species RIC Cr Ga In sm f C vc 
no no no X 
no no no X 
no no no X 
no no no X 
no no no X 
Myrtea scopularis C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
C no no no X 
I\) C no no · no X ()) 
C no no no X '-I 
C no no no X 
C no no no X 
Chama pappiladerma C no no no X 
Astarte trlangulata C ye·s no no X I C yes no no X 
I C yes no no X 
C yes no no X I i 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
C yes no no X 
-· · - -
-· - ·---
Species RIC Cr Ga In sm f C vc 
C yes no no X 
C yes no no X 
C yes no no X 
Nemocardium eocenense r yes ·no no X 
r yes no no X 
Corbula engonata C no no no X 
Corbula rufaripa C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X (\) 
C no no yes X CX> Q) 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
C no no yes X 
· Verticordia dalliana r no no no X 
r no no no X 
Haliris guadrangularis r }:'.8S · no no X 
--- _____ -_. __ _ 
- - ---· - -=.. --- - =---.::_ _::::::::.· - ---------
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